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What to Expect in the Exams 


Before you get cracking with your revision, here's a handy guide to what youll have to face in the exams 
— and the special features of this book that we've included especially to help you, You're welcome 


Ө) Topics are Covered in Different Papers 
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(2) There are Different Question Types 


In each exam, youll be expected to answer a mixture of multiple choice questions, structured questions, 
questions that have short, closed answers as well as open response questions 


For some open response questions, youll be — Always make sure: 
marked on the overall quality of your answer |. You answer the 
question fll 
not just its acientiic content, So. * You include detailed, relevant information 
+ Your answer is clear and has a log 


(8) You'll be Tested on your Maths... 


At least 20% of the total marks for GCSE Chemistry 
ame fom qnom іи ана a aaa if 
E ne questions hal test your maini SS — they show you maths sills youll need in the exam 
For these questions, always remember to: 
+ Show your working — you could get marks for this, even if your final answer's wrong 
+ Check that the units of your answer are the same as the ones they asked for in the question, 
+ Make sure your answer is given to an appropriate number of significant figures. 


@ and on your Practical Skills 
+ GCSE Chemistry contains B required practical activities that youll do during the course. 
Whenever one of the required 
oe You can be asked about these, and the practical skills involved in them, in the exams 
this book, is marked up lke * At least 15% of the total marks will be for questions that test your 


= understanding of the practical activities and practical skills 
* For example, you might be asked to comment on the design of an experiment 
and theresa whole section on (the apparatus and method), make predictions, analyse or interpret results 


Fractal Skils on pages 107-110. Pretty much anything to do with planning and carrying out the investigations. 


© You'll need to know about Working Scientifically 
Working Scientifically is all about how science is applied in the outside world by real scientists 


Working Scientikealy is = 
red on pags 2 


For example, you might be asked about ways that scientists communicate an idea to get 
their point across without being biased, or about the limitations of a scientific theory 


You need to thi 
Always read the question and any dala youve been given really carefully before you start writing your answer. 


about the stvalion that you've been given and use all your scientific sayy to answer the question. 


Chemistry revision? CGP has the solution... 


No doubt about it, GCSE Chemistry is a tough subject. Luckily, this CGP book 
is crammed full of info, from facts and theory to practical skills — and what's more, 
there are practice questions on each page to help you sharpen up your exam skills 


CGP — still the best! © 


Our sole aim here at CGP is to produce the highest quality books — 
carefully written, immaculately presented and dangerously close to being funny. 


Then we work our socks off to get them out to you 
— at the cheapest possible prices. 
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2 Working Scientifically 
The Scientific Method 


This section isn't about how to ‘do! science — but it does show you the way most scientists work. 


Scientists Come Up With Hypotheses — Then Test Them | 


1) Scientists try to explain things. They start by observing something they don't understand, 
2) They then come up with a hypothesis — a possible explanation for what they've observed. 
8) The next step is to test whether the hypothesis might be right or пой. This involves 

making a prodiotion based on the hypothesis and testing it by gathoring evidenoo 
prediction, 


(i.e. data) from investigations. If evidence from experiments backs uy 
you're a step closer to figuring out if the hypothesis is true. 


Several Scientists Will Test a Hypothesis | 


1) Normally, scientists share their findings in peer-reviewed journals, or at conferences. М 
2) Poor-roview is where other colentiste check resulta and solentifio explanations to make " 
‘cure they're ‘scientifio' (e.g. that experiments have been done in a sensible way) 
before they're published. M helps to daleot falso claims, but it doesn't mean that 
findings are correct — just that they're not wrong in any obvious way. ме 
Once other scientists have found out about а hypothesis, they'll start basing their was gathered 
on it and carry out thoir own experiments. They'll also try to ^ 
reproduce the original experiments to check the results — and if all the experiments rolan to tw 
in the world back up the hupothesin, then solentiste start to think the hypothesis is true. 
4) However, if a scientist does an experiment that doesn't fit with the hypothesis (and other scientists 
сап reproduce the results) then the hypothesis may need to be modified or sorapped altogether. 
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| If All the Evidence Supports a Hypothesis, It's Accepted — For Now 


1) Accepted hypotheses are offen referred to as theories. Our currently 

accepted theories are the ones that have survived this ‘trial by evidence’ 

— they've been tested many times over the years and survived. 

However, theories never become totally indisputable fact. If new evidence comes 
along that can't be explained using the existing theory, then the hypothesising and 
testing is likely to start all over again. 


2) 


Theories Can Involve Different Types of Models 


1) A representational model is a simplified description or picture of what's 
going on in real Ме. Like all models, it сап be used to explai 
‘and make predictions. E.g. the Bohr model of an atom is a simplified 
way of showing the arrangement of electrons in an atom (see p.19). 

t can be used fo explain trends down groups in the periodic table. 

2) Computational models use computers to make simulations of complex real-life processes, such as 
climate change. They're used when there are а lot of different variables (factors that change) to 
consider, and because you can easily change their design їо take into account new data. 

8) All models have limitations on what they can explain or predict. E.g. ball and stick models (a type 
of spatial model) can be used to show how ions are arranged in an ionic compound. One of their 
limitations is that they don't show the relative sizes of the ions (see p.30). 


I'm off to the zoo to test my hippo-thesis... 
The scientific method has developed over time, and many people have helped to develop it. From Aristotle to 
modern day scientists, lots of people have contributed. And many more are likely to contribute in the future. 
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Communication & Issues Created by Science 


Scientific developments сап be great, but they can sometimes raise more questions than they answer... 
It's Important to Communicate Scientific Discoveries to the General Public 


Some scientific discoveries chow that people should change their habits, or they might provide ideas that 
could be developed into new technology. Go scientists need to fell the world about their discoveries. 


Technologies are being developed that make use of fullerenes (see p.34). These include drug delivery 
ustems for use in medicine. Information about these systeme needs to be communicated to doolors 
so they can use them, and to patients, во they can make informed decisions about their treatment. 


Scientific Evidence can be Presented in a Biased Way 


1) Reports about scientific discoveries in the madin (e.g. newspapers or television) aren't peer-reviewed. 
2) This meant that, even though nawe stories ara often based on data that has been peer-reviewed, the data 
might be presented in а way that is over-simplified or inaccurate, making it open to misinterpretation. 

3) People who want to make a point сап кюне presen! data in a biased way. (Sometimes without 
hoy're doing it.) For tist might overemphasise а relationship in the data, or a 
newspaper article might describe details a data supporting an idea without giving any evidence against it. 


Scientific Developments are Great, but they can Raise Issues | 
Scientific knowledge in inoreaped by doing experiments, And this knowledge loads to scientific developments, 
„ new technologies or new advice. These developments can create issues though. For example: 


Economie issues: Society can't always: Восі! insues: Decisions based on aolentifio evidence affect 
afford to do things scientists recommend people — e.g. should fossil fuels bo taxed more highly? 
investing in alternative energy sources) Would the effect on people's lifestyles be acceptable... 


without cutting back elsewhere, Environmental issues: Human nolivily often affects the 
Personal issues: Some decisions will afoot natural environment. For example, building a dam to 
раною For example, someone might produce electricity will change the local habitat so some 
ipport alternative energy, but object if a species might be displaced. Bul it will also reduce our 
beh is built next to their hout need for fossil fuels, во will help to reduce climate change. 


Science Can’t Answer Every Question — Especially Ethical Ones | 
1) We don't understand everything. We're always finding out more, but we'll never know all the answers. 
2) In order to answer scientific questions, scientists need data to provide evidence for their hypotheses. 
9) Some questions can't be answered yet because the data can't currently be collected, 
or because there's not enough data to support a theory. 


4) Eventually, as we get more evidence, we'll answer some of the questions that currently can't be 
answered, e.g. what the impact of global warming on sea levels will be. But there will always bo the 
E I2"-type questions that experiments can't help us to answer... 


Think about new druge which can be taken to boost your ‘brain power- ES 

* Some people think they're good as they could improve concentration or memory. asi 8 
Now drugs could let people think in ways beyond the powers of normal brains. 

* Other people say they're bad — (ey Pd gue и sni sduotés n ede рено 
might be pressured info taking them eo that they could work more effectively, end for longer hours. 


Tea to milk or milk to tea? — Totally unanswerable by science... 
Science can't tell you whether or not you should do something. That's for you and society to decide. But there are 
tons of questions science might be able to answer, like where life came from and where my superhero socks are. 
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Risk 


By reading this page you are agreeing to the rick of a paper out or severe drowsiness... 


| Nothing is Completely Risk-Free | 


1) A hazard is something that could potentially cause harm. 

2) All hazards have a risk attached to them — this is the chance that the hazard will cause harm. 

8) The risks of some things seem pretty obvious, or we've known about them for a while, like the risk of 
causing acid rain by polluting the atmosphere, or of having a car accident when you're travelling in a car. 

4) New technology arising from scientific advances сап bring new risks, e.g. scientists are unsure whether 
nanoparticles that are being used in cosmetics and suncream might be harming the cells in our bodies. 
These risks need to be considered alongside the benefits of the technology, e.g. improved sun protection. 

5) You can estimate the gize of a risk bused on how many times something happens in п big sample (e.g. 
100000 people) over п given period (e.g. п year). For example, you could assoss the tisk of a driver 
crashing by recording how many people in a group of 100000 drivers orached their cars over a year. 

6) To make decisions about activities that involve hazards, we need to take into nocount the chance of 
the hazard causing harm, and how serious the consequences would be if it did. If an activity involves а 
hazard that's vory likely fo cause harm, with serious consequencas if it does, it's considered high risk. 


| People Make Their Own Decisions About Risk 


1) Not all risks have the came consequences, e.g. if you chop veg with a sharp knife you risk cutting your 
finger, but if you go souba-diving you risk death. You're much more likely to cut your finger during 
half an hour of chopping than to die during half an hour of souba-diving. But most people are happier 
to accep! a higher probability of an accident if the consequences are short-lived and fairly minor. 

2) People tend to be more willing to accept a risk if they choose to do something (e.g. go scuba diving), 
compared to having the risk imposed on them (e.g. having a nuclear power station built next door). 

3) People's perception of risk (how risky they think something is) ian't always accurate. They tend to 
view familiar activities as low-risk and unfamiliar activities as high-risk — even if that’s not the case. 
For example, oyoling on roads is often high-risk, but many people are happy to do it because it's a 
familiar activity. Air travel is actually pretty safe, but a lot of people perceive it as high-risk. 


4) People may over-estimate the risk of things with long-term or invisible effecta, e.g. ionising radiation. 


| Investigations Can be Hazardous | 

1) Hazards from science experiments might inolude: 
‘Microorganisms, e.g. some bacteria can make you ill, 
* Chemicals, e.g. sulfuric acid can bum your skin and alcohols catch fire easily. 
* Fire, e.g. an unattended Bunsen burner is a fire hazard. 
* Elootrioity, e.g. faulty electrical equipment could give you a shock. 
2) Part of planning an investigation is making sure that it's safe. Í 


3) You should always make sure that you identify all the hazards that you might encour 
should think of ways of reducing the risks from the hazards you've identified. For example: 


+H you're working with sulfuric acid, always wear gloves and safety goggles. This will reduce 
the rick of the acid coming into contact with your skin and eyes. >`} 

= If you're using a Bunsen burner, stand it on a heat proof mat. 
This will reduce the risk of starting a fire. 


Not revising — an unacceptable exam hazard... 


The world’s a dangerous place, but if you can recognise hazards, decide how to reduce their risks, and be happy to 
accept some risks, you can still have fun. Just maybe don't go skydiving with a great white shark on Friday 13th. 


Working Scientifically 


Designing Investigations 


Dig out your lab coat and dust down your badly-scratched safely goggl 


'в investigation time. 
Investigations Produce Evidence to Support or Disprove a Hypothesis ] 
1) Scientists observe things and come up with hypotheses to explain them (see p.2). 
You need to be able to do the same. For example: 
Observation: People have big feet and spots. Hypothesis: Having big feet causes spots. 


2) To determine whether or not a hypothesis is right, you need to do an investigation to gather 
evidence. To do this, you need to use your hypothesis to make a prediction — something you 
think will happen that you can test. E.g. people who have bigger feet will have more spots. 

8) Investigations are used to see if there are patterns or relationships between two variables, 
soo if thoro's a pattern or relationship betwoen the variables ‘number of spots’ and ‘size of 


Evidence Needs to be Repeatable, Reproducible and Valid 
1) Repeatable means that if the same person does an experiment again using 
the same methods and equipment, they'll get similar results. 
2) Reproducible meane that if someone elte does the experiment, or a difforont 
method or piece of equipment is used, the results bo similar, 
8) M data ie repeatable and reproducible, it's reliable and acientiats aro more likely to have confidence in it. 
4) Valid results are both repeatable and reproducible AND they 3 
They come from experiments that were designed to be a FAIR TEST... 


. To Make an Investigation a Fair Test You Have to Control the Variabl 


1) In a lab experiment you usually change one variable and measure how it affeots another variablo. 
2) To make il a fair test, everything else that could affect the results should 

— otherwise you can't tell if the thing you're changing is causing the results or not. 
3) The variable you CHANGE is called the INDEPENDENT variabl 
4) The variable you MEASURE when you change the independent variable 
5) The variables that you KEEP THE SAME are called CONTROL variables. 


You could find how temperature affects reaction rate by measuring the volume of gas formed over time. 
The independent variable is the temperature. The dependent variable is the volume of gas produced. 
Control variables include the concentration and amounts of reactants, the lime period you measure, eto. 


6) Because you can't always control all the variables, you often need to use a control experiment. This is 
an experiment that’s kept under the same condi е the rest of the investigation, but doesn't have 
anything done to it. This is so that you can see what happens when you don't change anything at all. 


tho DEPENDENT variable. 


The Bigger the Sample Size the Better 


1) Data based on small samples isn't as good as data based on large samples. A sample should represent 
the whole population (Le. it should share as many of the characteristics in the population as possible) — 
а small sample can't do that as well. It's also harder to spot anomalies if your sample size is too small. 
2) The bigger the sample size the better, but scientists have to be realistic when choosing how big. 
For example, if you were studying the effects of a chemical used to sterilise water on the people drinking 
it, i'd be great to study everyone who was drinking the water (a huge sample), but i'd fake ages and 
cost a bomb. It's more realistio to study a thousand people, with a mixture of ages, gender, and race. 


| This is no high street survey — it's a designer investigation... 
Not only do you need to be able to plan your own investigations, you should also be able to lo 
plan and decide whether or not it needs improving. Those examiners aren't half demanding. 


someone else's 
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Collecting Data 
You've designed the perfect investigation — now it's time to get your hands mucky and collect some data. 


| Your Data Should Ье Repeatable, Reproducible, Accurate and Precise | 
1) To check repeatability you need to repeat the readings and check that the results ar 
You need to repeat each reading at least three limes. 
2) To make sure your results are reproducible you can cross check them by taking a 
second se! of tendings with another instrument (or a different observer). 
8) Your data also needs to be ACCURATE. Really accurate results are tho 
that are really close to the true angwer. The accuracy of your results usually 


depends on your method — you need to make eure you're measuring the 


right thing and that you don't miss anything that should be included in the 


Pepe o E.g. estimating the amount of gan released from a reaction 


isn't very accurate because you might miss some of 
i bubbles and they might have different volumes. W'e more aoourate to 


measure the volume of gas released using a gas ayringe (see p.107). 
4) Your data aloo needs to be PRECISE. Procise results are ones where the data 
really close o the monn (average) of your repeatod resulte (i.0. not spread out). 
| Your Equipment has to be Right for the Job | 
1) The mensuring equipment you use hns to be sensitive enough fo measure the changes you're looking for. 
For example, if you need to measure changes of 1 от? you need fo use a measuring cylinder or burette 
that can meacure in 1 om? elope — it'd be no good trying with one that only mencuros 10 cm? ete 
2) The smallest change à measuring instrument can dotect is called Ив RESOLUTION. E.g. some mass 
balances have a resolution of 1 g, some have a resolution of 0.1 g, and some are even more sensitive. 


3) Also, equipment needs їо be calibrated by measuring a known value. If there's a diffarence between the 
measured and known value, you can use this to correct the inaccuracy of the equipment. 


You Need to Look out for Errors and Anomalous Results 


1) Тһе results of your experiment will always vary а hil because of RANDOM ERRORS — unpredictable 
differences caused by things like human errors in measuring. The errors when you make a reading 
from a burette are random. You have to estimate or round the level when it's between two marks 
— so sometimes your figure will be a bit above the real one, and sometimes it will be a bit below. 

2) You can reduce the effect of random errors by taking гере! readings and 
finding the moun. This will make your resulte more precise. 

3) If a measurement is wrong by the same amount every fime, i's called 
а SYSTEMATIC ERROR. For example, if you measured from the 

very end of your ruler instead of from the О cm mark every fime, all your 

measurements would be a bit small. Repeating the experiment in the exact = 

same way and calculating a mean won't correct a systematic error, 

Just to make things more complicated, if a systematic error is caused by using 

equipment that isn't zeroed properly, it’s called a ZERO ERROR. For example, if a mass balance 

always reads 1 gram before you put anything on it, all your measurements will be 1 gram too heavy. 

5) You can compensate for some systematic errors if you know about them though, e.g. if your mass 
balance always reads 1 gram before you put anything on it you can subtract 1 gram from all your results. 

6) Sometimes you get a result that doesn't fit in with the rest at all, This is called an ANOMALOUS: 
RESULT. You should investigate it and try to work out whet happened. If you can work out what 
happened (e.g. you measured something totally wrong) you can ignore it when processing your results. 


4j 


Watch what you say to that mass balance — it's very sensitive... 


Weirdly, data can be really precise but not very accurate. For example, a fancy piece of lab equipment might give 
results that are really precise, but if it's not been calibrated properly those results won't be accurate. 
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Processing and Presenting Data 


Processing your data means doing some calculations with it to make it more useful. Once you've done 
‘that, you can present your results in a nice chart or graph to help you spot any patterns in your data. 
Data Needs to be Organised 


1) Tables are dead useful for organising data. 
2) When you draw a fable use a ruler and make sure each column has a heading (including the units). 


You Might Have to Process Your Data 


1) When you've done repeats of an experiment you should always calculate the mean (average). 
To do this add together all the data values and divide by the total number of values in the sample 


2) You might also need to caloulate the range (how spread out the data is) SS 
To do this find the largest number and nubiraot the smallest number from it. к———5 


EX. uua e FAV epa allied UR тшш GF gia est Gen DUO TREO 
estet etm eee лс а docte 
^ 28 37 32 (28 + 37 + 32) +3 = 32 |37 -28*9 


B 47 51 60 (47 + 51+ 60) +3=53 [60-47 «13 


Round to the Lowest Number of Significant Figures 
The first significant figure of a number is the first digit that's not zero. The second and third significant 
figures come straight after (even if they're zeros), You should be aware of significant figures in caloulations. 
1) In any calculation, you should round the answer to the lowest number of significant figures (s.f) given. 
2) Remember to write down how many significant figures you've rounded to after your answer. 
8) If your calculation has multiple steps, only round the final answer, or it won't be ав acourat 
P EXAMPLE: | TE EEE E 
How many moles are there in 46 dm of gas under the same conditions? yyy 
No. of moles of gas = 46 dme 240 dm' = 019166.. = O19 mol ГА] енерун 


IfYour Data Comes in Categories, Present It in а Bar Chart 
1) If the independent variable is categoric (comes in distinct categories, 
e.g. alkane chain length, metals) you should use a bar chart to display the data. 


2) You also use them if the independent variable is disorete (the data can be counted in chunks, where 
there's no in-between value, e.g. number of protons is discrele because you can't have half a proton). 


3) There are some golden rules you need to follow for drawing bar charts: 


Te 


йиш (мт shell 6 "— 
be suut acs for 1 A Г raa em" Sel of data rede a key 
cm „а; 

Draw й охе and Mg living и 
пеи E 1 n Venta ofthe gph pope 


каше the ti i 
E D cesis мы Ocio reset 
Label both 2 Lu 
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If Your Data is Continuous, Plot a Graph | 


If both variables are continuous (numerical data that can have any value within a range, 
e.g. length, volume, temperature) you should use a graph to display the data. 


Hore are the rules for plotting points on а graph: To plot points 


vie a sharp 


Use the biggest data 


voles ye got to daw a 30] — raph to Show Product pendi ad ak 
ишш sale ол уо, AA, Formed Against Time пае crosses к 

Feet highest шкы ^ Жа E ant do blobs) =. 
тоба тей o Мыш, 

na wat ind р С пите 


lost ft, draw а Sine through oF as near to 
эл many painia ax posu, ignari 
anomalous rewits Dant joe the 


The ойра varable goes on 
‘the кака (the boricontal one) 


and big ( 
eas half of the graph р 


E ber to include the units 


| Graphs Can Give You а Lot of Information About Your Data | 


1) Те фин (lope) of a graph fele you how 
quic the dependent variable chongee if you 


grad 


change the 


Thie graph chows tho volume of gag produced in a roaotion againot fime. т 
The graph ie linear (it's a straight lino graph), so you can simply q 
calculate the gradient of the line to find out the rate of reaction. ко 
1) To calculate the gradient, pick two points on the line 
that are easy to read and a good distance apart. jc 
) Draw a line down from one of the pointe and а line across from the 
other to make a triangle. The line drawn down the side of the triangle 


is the change in y and the line across the bottom is the change in x. 
Chere: ny 28-20 = det озо DESEE 


change iny _ 
Rate = gradient = Change inx 480m 


The writs of the gradient are (unis of funis of d). cm/s can also be written as ems 


2) To find the gradient of a curve at a certain point, draw a tangent to the curve at that point 
and then find the gradient of the tangent. See page 71 for details on how to do this. 

3) The intercept of a graph is where the line of best fit crosses one of the axes. The x-intercept is 
where the line of best fit crosses the x-axis and the y-interoept is where it crosses the y-axis. 


| Graphs Show the Relationship Between Two Variables | 
1) You can get three types of correlation 
(relationship) between variables: gy, 
2) Just because there's correlation, 
it doesn't mean the change in опе 


variable is causing the change in POSITIVE correlation: INVERSE (negate) correlation МО cordate 
the other — there might be as one variable increases as one vanable nesses na alia between 
‘other factors involved (ове page 10). the other ша the other decreases the two variables 


Ilove eating apples — I call it core elation... 


Science is all about finding relationships between things. And I don't mean that chemists gather together in 
corners to discuss whether or not Devini and Sebastian might be a couple... though they probably do that too. 


Working Scientifically 


Units and Equations 


Graphs and maths skills are all very well, but the numbers don't mean much if you can't get the units right. 


S.I. Units Are Used All Round the World | 
1) It wouldn't be all that useful if | defined volume in terms of bath tubs, 


you defined it in terms of egg-cups and my pal Sarwat defined iin ЖАТ ЛИИ 


terms of balloons — we'd never be able to compare our data. " Морат hg 

2) To stop this happening, scientists have come up with a set of length mer m 
, called 9.1. unite, that lentists use to тешер time second, v 

their data. Here are come 8.1. units you'll see in chemistry: amount of a substance | тойс mol 


Scaling Prefixes Can Be Used for Large and Small Quantities 


tho volume of a swimming pool 
of n сир it around 260 om? 


1) Quantities come in a huge range of sizos. For exampl 
might be around 2 000 000 000 ст, volu 


2) To make the size of numbore more manageable, larger or smaller units are used. 
These are the 9.1. base unit (e.g. metres) with a prefix in front: 
tera | gga 1G) | mea MW) ао | deci) | centi to | mill mi | ао p [nare In) 
10" | tor [1000000 non |1000 | o! | oot | ооо! [0000001099 | ют 


3) These prefixes tell you how much bigger or smaller n unit ie 
than the base unit. So one kilometre is one thousand metres. 


4) To swap from one unit fo another, all you neod to know ia what number you have to divide or 
multiply by to get from the original unit to the new unit — this ie called the conversion factor. 
* To go from а bigger unit (Ike m) to a smaller unit (like cm), you multiply by the conversion factor. 
* To go from а smallor unit (like g) to a bigger unit (like kg), you divide by the conversion factor. 


re come conversions that'll be useful for OCSE chemistry: 


5) 


Concentration can have units 
of mol/dm? and mol/om?. 


Mave can have | | Energy can have | | Volume can have unite of 
units of kg and g. | | unite of J and kJ. | | m®, dm? and om’, 


* 1000 p *!000 "1090 


mol/dm? > moVom* 


« 000 


Always Check The Values Used in Equations Have the Right Units 


1) Formulas and equations show eT re т z 
pes fou can find the number af moles of something using the 
relationships between variables. equation: moles = mass + molar mass. 
You can searrange this equation to find the тз: by multiplying 
ide by molar mass to give: mass = moles х molar mass 


2) To rearrange an equation, make sure that 
whatever you do to one side of the equation 
you also do to the other side. 

To use a formula, you need to know the values of all but one of the variables. Substitute the 

values you do know into the formula, and do the calculation to work out the final variable, 

4) Always make sure the values you put into an equation or formula have the right units. For example, you 
might have done a titration experiment to work out the concentration of a solution. The volume of the 
solution will probably have been measured in om, but the equation to find concentration uses volume in 
dm®, So you'll have to conver! your volume from ст? to dm? before you put it into the equation. 

5) To make cure your units are correct, it сап help to write down the units on each line of your calculation. 


3) 


Iwasn't sure I liked units, but now I'm converted... 


It's easy to get in a muddle when converting between units, but there's a handy way to check you've done it right. 
If you're moving from a smaller unit to a larger unit (e.g. g to kg) the number should get smaller, and vice versa. 


Working Scientifically 


Drawing Conclusions 


Congratulations — you're nearly at the end of а gruelling investigation, time to draw conclusions. 


_You Can Only Conclude What the Data Shows and NO MORE 


1) Drawing conclusions might seem pretty straightforward — you just look at your data and 
gay what pattern or relationship you see between the dependent and independent variables. 


The table on the right CONCLUSION: 
shows the rate of a ^ D Catalyst B makes this 
reaction in the presence of в эз reaction go faster 
two different oatalyats: mp "E than catalyst A. 


2) But you've got to be really careful that You ‘can’t conclude that catalyst B increases the 
your conclusion matches the data of any other reaction more than catalyst А 
aj yov гени ттт И [C be rni might be complet direi. 
You also ne to be able to use your results 
to justify your conclusion (i.e. back up The rato of this reaction was 6 om%/s faster 
your conclusion with some specific dota). =P | using catalyst B compared with catalyst A. 


4) When writing a conclusion you need to refer back to the original hypothesis and cay whether the data 


mupporia.it or not: => "The hypothesis for thie experiment might have been that 
catalyst В would make the reaction go quicker than 
catalyst A. If во, the data supportu the hypothesis. 


Correlation DOES NOT Mean Cause | 


If two things are correlated (i.e. there's a relationship between them) Н doesn’t necessarily mean a change 
in one variable is causing the change in the other — this is REALLY IMPORTANT — DON'T FORGET IT. 
There are three possible reasons for a correlation: 

1) CHANCE: It might soem strange, but two things onn show a correlation purely due to chance. 


For example, one study might find а correlation between people’ 
and how good they are at frisbee. But other scientists don't get 
when they investigate it — the results of the first study are just a fluke. 


2) LINKED BY A 3RD VARIABLE: А lot of the time it may look as if a change in one variable 
is causing а change in the other, but it isn't — a third variable links the two things. 


For example, there's a correlation between water temperature and 

This isn't because warmer water makes sharks crazy. Instead, they're linked by 
а third variable — the number of people swimming (more people swim when the 
water's hotter, and with more people in the water you get more shark attacks). 


8) CAUSE: Sometimes a change in one variable does cause a change in the 
other. You can only conclude that a correlation is due to cause when you've x 
all the variables that could, just could, be affecting the result, К 


For example, there's a correlation between smoking and lung cancer. This is because 
chemicals in tobacco smoke cause lung cancer. This conclusion was only made 
once other variables (such as age and exposure to other things that cause cancer) 
had been controlled and shown nof fo affect people's risk of getting lung cancer. 


Iconclude that this page is a bit dull... 


„although, just because I find it dull doesn’t mean that I can conclude й dull (vou might think it’s the most 
interesting thing since that kid got his head stuck in the railings near school). In the exams you could be given a 
conclusion and asked whether some data supports it — so make sure you understand how far conclusions can go. 


Working Scientifically 


Uncertainties and Evaluations 
Hurrah! The end of another investigation. Well, now you have to work out all the things you did wrong. 


Uncertainty is the Amount of Error Your Measurements Might Have 


1) When you repeat a measurement, you often get a slightly different figure each time you do it 
duo to random error. This meant that each result has some uncertainty to it. 
2) The measurements you make will also have some uncertainty in them due to = prepara we 
limits in the resolution of the equipment you use (see page 6). me Pc pol al М 
9) This all means that the mean of a set of results will also have some uncertainty 
to it, You can calculate the uncertainty of a mean result using the equation: 
4) The larger the range, the less precise your results are and the 
there will bo in your results, Uncertainties are shown using the '®' symbol. 


Ema The table below shows the results of a titration experiment to determine the volume of 
О5 mol/dm? sodium hydroxide solution needed to neutralise 25 cm! of a solution of 
hydrochloric acid with unknown concentration. Calculate the uncertainty of the mean. 

3) First work out the range 


Range = 2010 - 19.80 
SI ODD idis ажык poro 
Uncertainty = range + 2 = ОЗОО + 2 = 0150 em! So the uncertainty of the mean = 1997 + O15 em! 

6) м 


reaction experiment, measuring the amount of product formed ov 
shorter period will reduce the percentage uncertainty in your results. 


Evaluations — Describe How it Could be Improved | 

‘An evaluation is а critical analysis of the whole investigation. 

1) You should comment on the method — was it valid? 

Did you control all the other variables to make it a fair test? 

2) Comment on the quality of the resulls — was there enough evidence to reach a 
valid conclusion? Were the results repeatable, reproducible, accurate and precisa? 

8) Were there any anomalous results? If there were none then say во. If there were any, try to explain 
them — were they caused by errors in measurement’? Were there any other variables that could have 
affected the results? You should comment on the level of uncertainty in your results too. 

4) All this analysis will allow you to say how confident you are that your conclusion is right. 

5) Then you can suggest any changes to the method that would improve the quality of the results, 
so that you could have more confidence in your conclusion. For example, you might suggest changing 
‘the way you controlled a variable, or increasing the number of measurements you took, Taking. 
more measurements at narrower intervals could give you a more accurate result. For example: 


20, 


iring a greater amount of something helps to reduce uncertainty. For example, in a rate af 
longer period compared to а 


Enzymes have an optimum temperature (a temperature at which they work best). Say you do an 
‘experiment to find an enzyme's optimum temperature and take measurements at 10 °C, 20 °C, 30 
40 °C and БО °C. The results of this experiment tell you the optimum is 40 °C. You could then 


the experiment, taking more measurements around 40 °C to a get a more accurate value for the optimum. 


When suggesting improvements to the investigation, aways 


6) You could also make more predictions based 
‘on your conclusion, then 
could be carried out to test them. 


jure that you say why you think this would т 


Evaluation — next time, I'll make sure I don’t burn the lab down. 


So there you have it — Working Scientifically, Make sure you know this stuff like the back of your hand 
just in the lab that you'll need to know how to work scientifically. You can be asked about it in the exams as well. 


Working Scientifically 


12 Topic 1 — Atomic Structure and the Periodic Table 


Atoms 


All substances are made of atoms. They're really tiny — too small to see, even with your microscope. Atoms 
аге so tiny that а SOp piece contains about 77400 000000 000000 000000 of them. Quite a lot then... 


| Atoms Contain Protons, Neutrons and Electrons | 


Atoms have а radius of about 0,1 nanometers (that's 1 x 10° m). There are a few different 
(end equally useful) modern modale ofthe atom — but chemists tend to ike the model below beet. 


1) I's in the middle of the atom, 
2) If contains protons and neutrons. 


3) The nucleus has a radius of around ur 
è 1 x 10" m (that's around 1/10 000 of the radius of an atom) 
ry 4) M has а positive charge because of the protons. 


5) Almost the whole mags of the atom is concentrated in the nuch 


v 
Protons are heavy ard positively cha = The Electrons 
ato x d ridi urge. 1) Move around the nucleus in electron shells. 
2) Thoy're negatively charged and tiny, but 
they cover g lot of space. 


+! 


3) The volume of their orbits determines the 
sizo of the atom. 


4) Electrons have virtually no mass. 


(Electron mass Ў ohen taken as zera) 


_ Number of Protons Equals Number of Electrons | 


1) Atoms are neutral — they have no charge overall (unlike ions). 

2) This is because they have the same number of protons ав electrons. 

3) The charge on the electrons is the same size ac the charge on the protons, 
but opposite — во the charges cancel out. 

4) In an ion, the number of protons doesn't equal the number of electrons. This means it has an 
overall charge. For example, an ion with a 2- charge, has two more electrons than protons. 


r gained d 


Atomic Number and Mass Number Describe an Atom 


1) The nuclear symbol of an atom tell you its оніо (proton) number and mass number. 
2) The atomic number tells you how many protons there are, 


9) The mass number tells you the total number of „эшн bal Tor sod 
protons and neutrons in the atom. hited Element symbol 

4) To get the number of neutrons, just subtract the Aur i тн 
atomic number from the mass number. number rit 


Let's be positive about this — unless you're an electron of course... 
So here we are — the very beginning of GCSE Chemistry. This stuff is super important — if you get to grips with 
the basic facts then you'll have a better chance understanding the rest of chemistry, Crack оп 
QI — Anatom of nitrogen has an atomic number of 7 and a mass number of 14. 

Give the number of electrons, protons and neutrons in the atom. [3 marks] 


Topic 1 — Atomic Structure and the Periodic Table 


Elements 
An element is a substance made up of atoms that all have the same number of protons in their nucleus. 


Elements Consist of Atoms With the Same Atomic Number | 
1) Atoms can have different numbers of protons, neutrons and electrons. 
W's the number of protons in the nucleus that decides what type of atom itis. 
2) For example, an atom with one proton in Ив nucleus is hydrogen and an atom with two protons is helium. 
8) Ifa substance only contains atoms with the namo number of protons it’s called an element. 
There are about 100 different elements 
4) So all the atoms of а particular element (e.g. nitrogen) have the same number of 
protons and different elements have atoms with different numbers of protons. 


Atoms Can be Represented by Symbols | 


‘Atoms of each element can be represented by а one or two latter symbol — i's a type of shorthand 
that saves you the bother of having to write the full name of the element. 
Some make porfec! vente, %8: [0 = carbon О = охщ Mg = esium 


Others less во, €. | Na = sodium Fe = iron. Pb = lead 


You'll see these symbols on the periodio table (see page 22). 


Isotopes are the Same Except for Extra Neutrons 
1) isotopes are different forms of the same element, which have 
the game number of protons but a different number of neutrons. 
2) 8o isotopes have the same atomio number but different mass numbers. 
3) A very popular example of a pair of isotopes are carbon-I2 and carbon-I3. 


pm 


f \ / 
t6 em ((9)) t6 cate (i 
6 Neutrons — ^ 77 7 Neutrons 


4) Because many elements can exist as a number of different isotopes, relative atomic mass (A) is used 
instead of mass number when referring to the element as a whole. This is an average mass taking into 
ment, 


account the different masses and abundances (amounts) of all the isotopes that make up the 
5) You can use this formula 
to work out the relative 
atomic mass of an elemeni 


Copper has two stable isotopes. Cu-63 has an abundance of 69.2% and Cu-65 has an 
abundance of 30.8%, Calculate the relative atomic mass of copper to 1 decimal place. 


tin nomie as P~ 59553007 « OBE ыш te 


It’s elemental my dear Watson... 
Atoms, elements and isotopes — make sure you know what they are and the differences between them. 


QI — A substance consists of atoms which all have the same number of protons and electrons 
but different numbers of neutrons. Explain why this substance is an element, [1 mark] 


92 An isotope of iron, Fe, has a mass number of 56 and atomic number 26. 
Give the number of protons and neutrons in an atom of this isotope. [2 marks} 


Topic 1 — Atomic Structure and the Periodic Table 


Compounds 


It would be great if we only had to deal with elements. But unluckily for you, elements сап mix and match to 
make lots of new substances called compounds. And this makes things a little bit more complicated... 


_ Atoms Join Together to Make Compounds 


Y) When elements react, atoms combine with other atoms to form compounds. 

2) Compounds are substances formed from two or more elements, the atoms of each are in 
fixed proportions throughout the compound and they're held together by chemical bonds. 

8) Making bonds involves atome giving away, taking or sharing electrons. Only the electrons 
are involved — the nuclei of the atoms arent affected at all when a bond is made. 

4) We шаші difficult to separate the original elomanta of 
а compound out again — a chemical reaction is needed to do this. 

6) A compound which is formed from a metal and а non-matal constet 
of ions. The melal atoms lone electrons to form positiva fons E 
ві the non-metal atoms gain electrons fo form negative ions. 

The opposite charges (positive and negativo) of the lona mean that they're strongly attracted to 
‘each other. This is called jonio bonding. Examples of compounds whioh aro bonded ionically include 
sodium chloride, magnesium oxide and calolum oxide. 

6) А compound formed from zoll сопан of nlsi. Each atom sans an шаап wiih 
another atom — thio d covalent bonding. Examples of compounds that are bonded covalently 
include hydrogen chloride gus, carbon monoxide, and water. 

7) The proportion of а compound are ususliy rom “ЭШ. 


totally different 
the properties of the original elements. For example, if iron ®+® 
(а lustrous magnetio metal) and sulfur (a nioe yellow powder) — ^ 


react, the compound formed (iron sulfide) в a 


solid lump, and doesn't behave anything like either iron or sulfur. 


A Formula. Shows What Atoms areina Compound | 
Just as elements can be represented by symbols, compounds can be represented by formulas. The formulas 
are made up of elemental symbols in the game proportions that the elements can be found in the compound. 
1) For example, carbon dioxide, CO, is a compound formed from a chemical reaction 
between carbon and oxygen. И contains Loarbon atom and 2 oxygen atoms. 


2) Here's another example: the formula of sulfuric acid is H,80,. 
4» 45 OP» 80, each molecule contains 2 hydrogen atoms, 1 sulfur atom 
carbon + oxygen ces carbon dioxide 4 oxygen atoms. 


and 
© € —- GHG o| 3) There might be brackets in a formula, e.g. calcium hydroxide 


ie Ca(OH), . The little number outside the bracket applies to 
‘everything inside the brackets. So in Ca(OH), there's 
calcium atom, 2 oxygen atoms and 2 hydrogen atoms. 

Here are some examples of formulas which might come in handy: 

T) Carbon dioxide — CO, 4) Sodium chloride — NaCl 7) Calcium chloride — CaCl, 

2) Ammonia — NH, 5) Carbon monoxide — СО 8) Sodium carbonate — Na, CO, 


3) Water — H,0 6) Hydrochloric acid — HOI 9) Sulfuric acid — Н,80, 


If you don't learn this stuff it will only compound your problems... 
You know when you were little and taught to share things? Turns out atoms have been doing this since the start of 
the universe, Maybe we could all learn a thing or two from those little guys. 

QI — How many atoms are in one particle of Na,CO,? [1 mark] 


Q2 A compound has the formula CaCl,. Name the compound and the elements it contains. [2 marks] 


Topic 1 — Atomic Structure and the Periodic Table 


Chemical Equations | 


Chemical equations are fundamental to chemistry. Pretty much like tomato ketchup is to a bacon buHy. 
Mmm... bacon butties... Sorry, | got distracted. Let's do this. 


_ Chemical Changes are Shown Using Chemical Equations 
‘One way to show a chemical reaction is to write a word equation. I's not as quick ов using chemical 
' dead easy. 


symbols and you can't tell straight away what's happened to each of the atoms, but it's 
Hero's an example — you're told that methane burns in oxygen giving carbon dioxide and water: 


The molecules on the let-hand 
she of the equation are 

e шайда (because they 
react with each othe) 


methane + oxygen -> carbon dioxide + water 


Symbol Equations Show the Atoms on Both Sides | 
Chemical changes can be shown in a kind of shorthand 
using symbol equations, Symbol equations just show magnesium + oxygen 
the symbols or formulas of the reactants and products... 


1) There mua! alway be the same number of atoms on both sides — they can't just disappear. 
2) You balance the equation by putting numbers in front of the formulas where ne 
Toke this equation for reacting nulfurio acid with sodium hydroxid 


3) The formulas are all correct but the numbers of some atoms don't match up on both sides. 
4) You can't change formulas like H,80, to Н,80,. You can only put numbers in front of them. 
The more you practise, the quicker you get, but all you do is thie: 


1) Find an element that doesn't balance and pencil in a number to try and sort it out. 


2) See where Н gets you. Н may create another imbalance, but if so, pencil in 
another number and see where that gets you. 


3) pops ‘on chasing unbalanced elements and it'll gort itself out pretty quickly. 


In the equation above you'll notice we're short of Н atoms on the RHS (Right-Hand Side) 
7) The only thing you can do about that is make it 2H, O instead of just H,O: 


НБО, + NaOH э NaSO, «2H 


2) But that now gives too many H atoms and O atoms on the RHS, so to balance that up you could try 
putting 2NaOH on the LHS (Left-Hand Side): 


Н50, + 2NaOH — NaSO, +20 
З) And suddenly there itis! Everything balances And youll notice the Na just sorted itself out. 


Revision is all about getting the balance right... 
Balancing equations is all about practice, Once you have a few goes you'll see its much less scary than it seemed 
before you took on, challenged and defeated this page. Go grab some chemistry glory. 
QI — Balance the equation: Fe + Cl, =» FeCl, (1 mark] 
Q2 — Hydrogen and oxygen molecules are formed in à reaction where water splits apart, 

For this reaction: a) State the word equation. b) Give a balanced symbol equation. [3 marks] 


Topic 1 — Atomic Structure and the Periodic Table 


Mixtures and Chromatography 


Mixtures in chemistry are just like mixtures in baking, lots of separate things all mixed together. But most of 
the time they're considerably less delicious. And you probably shouldn't eat them. Or put them in an oven. 


Mixtures are Easily Separated — Not Like Compounds 


1) Unlike in а compound, there's no chemical bond between the different parts of a mixture. 
2) The parts of a mixture can be either elements or compounds, and they can be =” 
‘separated out by physical methods such as filtration (p. 17), crystallisation 
(p.17), simple distillation (p.18), fractional distillation (p.18) 
and chromatography (see below). 
3) Air is a mixture of gases, mainly nitrogen, 
‘oxygen, carbon dioxide and argon. 
The gasos can all bo separated out fairly eacily. 
4) Crude oil is a mixture of different length 
hydrocarbon molecul 
5) The properties of a mixture are just a mixture of the 
properties of the separate parts — the chemical propertios 
of a substance aren't affected by it being part of а mixture, 


For example, а mixture of iron powder and sulfur powder 
show the properties of both iron and sulfur. И will contain 
grey magnetic bits of iron and bright yellow bits of sulfur. 


Iron and nil mined 
together but net reacted 


| You Need to Know How to Do Paper Chromatography | E 
One method of separating substances in a mixture is through 
This technique can be used to separate different dyes in an ink. Here's how you oan do И: 
1) Draw a line near the bottom of a shoot of filter paper. 
(Use а pencil to do this — pencil marks are insoluble and won't dissolve in the solvent.) 
2) Add a spo! of the ink to the line and place the sheet in a beaker of solvent, e.g water. 


3) The solvent used depends on what's being tested. Some compounds dissolve 
well in water, but sometimes other solvents, like ethanol, are needed. 
4) Make sure the ink isn’t touching the solvent 
Fher paper — you don't want it to dissolve into it. 

5) Place a lid on top of the container to stop the solvent evaporating. 
6) The solvent seeps up the paper, carrying the ink with it. 
рела ine 7) Each different dye in the ink will move up the paper at a different 
rate so the dyes will separate out. Each dye will form a spot in a 
different place — 1 spot por dye in the ink. 
If any of the dyes in the ink are insoluble (won't dissolve) in the 
solvent you've used, they'll stay on the baseline. 
9) When the solvent has nearly reached the ıi, 

top of the paper, take the paper out of 

the beaker and leave it to dru. 
10) The end result is pattern of 
Shallow Soent spots called a chromatogram. 


spot of ink 


8) 


Chemistry and fun are a mixture — easily separated... 
Chromatography is actually mighty useful in real life. It's used to test athletes’ urine samples for performance 
enhancing drugs, and also to test unknown substances at crime scenes. Eek, 


QI — Explain why you shouldn't use a pen to draw a line on the filter paper for paper chromatography, [1 mark] 


Topic 1 — Atomic Structure and the Periodic Table 


17 
More Separation Techniques (extern) 


Filtration and crystallisation are methods of separating mixtures. Chemists use these techniques ай the time to 
separate solids from liquids, so it's worth making sure you know how to do them. 
Filtration Separates Insoluble Solids from Liquids | 


1) Filtration can be used if your product is an insoluble solid 
that needs to be separated from a liquid reaction mixture. 


M can be used in purification as well. For example, solid impurities. 
in the reaction mixture can be separated out using filtration. 


2) 


per folded 
hape 


the 


Mer paper 


Two Ways to Separate Soluble Solids from Solutions | 


If a solid can be dissolved i'a desoribed ав being soluble. There are two methods you can use to separate а 
soluble вай from a solution — evaporation and orustallisation. 


evaporating dah 


‘Evaporation 

1) Pour the solution into an evaporating dish. 

2) Slowly heat the solution. The golvent will evaporate and the solution 
will get more concentrated. Eventually, crystals will start to form. 


9) Koop healing tho evaporating dish until all you have loft aro dry crystals. 
Evaporation is а really quick way of separating a soluble salt from a solution, but you oar 
salt doosn't decompose (break down) when its hentad. Otherwise, you'll have to use crystallization, 
Cryotallization You shed sho vse S 
1) Pour the solution into an evaporating dish and gently heat the solution. 
Some of the solvent will evaporate and the solution will get more concentrated. — = E 
2) Once some of tho solvent has evaporated, or when you sve crystals start to form ^ii tite 10 
(the point of crystalliantion), remove the dish from the heat and leave the solution to cool. 
З) The вай! should start to form oryotals ав it becomes insoluble in the cold, highly concentrated solution. 
4) Filler the crystals out of the solution, and leave them in а warm place ZZ < sing 
fo dry. You could also use a drying oven or a desiccator, SA ja d uh 


Filtration and Crystallisation can be Used to Separate Rock Salt 


1) Rock salt is simply a mixture of salt and sand (they spread it on the roads in winter). 
2) Salt and sand are both compounds — but salt dissolves in water and sand doesn't. 
This vital difference in their physical properties gives a great way to separate them. He 
1) Grind the mixture to make cure the salt crystals are small, co will dissolve easily. 
2) Put the mixture in water and stir. The salt will dissolve, but the Ty, Sn foment 
3) Elle the mixture. The greina of sand won't fit through the fig holes inthe for paper, so they 
part of the solution. 


Revise mixtures — just filter out the important bits... 
‘Two out of three pages on separating mixtures done, phew 
just so exciting), make sure you know this page to a T. Talking about Tea, I need a cuppa, 
QI — A student needs to produce pure crystals of copper sulfate from an aqueous solution 

of copper sulfate. Describe how the student could use crystallisation for this process. [4 marks] 


But before you dash on to the next page (I know, it's 


Topic 1 — Atomic Structure and the Periodic Table 


{ E S PVC 
Distillation 
Distillation is used to separate mixtures which contain liquids. There are two types that you should know 
about — simple and fractional. Hopefully, this page will ‘distil’ everything you need to know... ho ho. 


| Simple Distillation is Used to Separate Out Solutions | 


1) Simple distillation is used for separating out a liquid vant 


from a solution. 2 Mala ue the wee qu 
2) The solution is heated. The part of the solution that 3, th the aden 
has the lowest boiling point evaporates first. e 


Thermometer 


Wate 


"E 


3) The vapour is then cooled, condenses (turne 
back into а liquid) and is collocted. 
4) The rest of the solution is left behind in the flack. 


5) You can use simple distillation to got pure water J | 
в А 
vov ( j 


Condenser — the vapour 


into a liquid 
here as it is cooled by the 


from seawater. The water evaporat 
condensed and collected. Eventually 
end up with just the galt left in the [9 
6) The problem with simple distillation is that 
ou сап only use И to separate things with Water “as 
very diffrent boiling points — if the temporature e f f A h ә 
вова higher than the boiling point of the subelanoo haat ۵ 
with the higher boiling point, they will mix again. 
If you have a mixture of liquids with similar boiling points you need Pure sisted water mm 
another method to separate them — like fractional distillation. 


7 


Fractional Distillation is Used to Separate a Mixture of Liquids | 
1) If you've got а mixture of liquide you oan separate Н using 
|. Here is a Tob d demonstration that can be 
used to model fractional distillation of orude ой at a refinery. 
2) You put your mixture in a flask and stick a 
fractionating column on top. Then you heat it. 


3) The different liquids will all have different boiling 
points — во they will evaporate at different. 
Temperatures. 


Thermometer c. 


4) The liquid with the lowest boiling point evaporates 

-— first. When the temperature on the thermometer 

ТЕ ТЕТЕ matches the boiling point of this liquid, it will reach 

| 1 the top of the column. 

| 5) Liquids with higher boiling points might also start to 
‘evaporate. But the column is cooler towards the 
top. 9o they will only get part of the way up before 
~ condensing and running back down towards the flask. 


rade N 6) When the first liquid has been collected, you raise the 
ome 4 Fraction Acted t temperature until the next one reaches the top. 
heat ee 


Fractionating — sounds a bit too much like maths to me... 
You made it to the end of separation techniques. Congratulations. Now all you need to do is learn these 
techniques. Shouldn't be too tricky. Make sure you scribble all this stuff down — you'd be crazy not to. 
Q1 Propan-1-ol, methanol and ethanol have boiling points of 97 °C, 65 °С and 78 °C respectively. 
A student uses fractional distillation to separate a mixture of these compounds, 
State which liquid will be collected in the second fraction and explain why. [2 marks] 
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You might have thought you were dono with the atom after page I2. Unfortunately amigo, you don't get away 
that easily — there's more you need to learn. Hold on fo your hal, you're going on a journey through time... 


The Theory of Atomic Structure Has Changed Over Time | 


1) At the start of the 19th century John Dalton described atoms as solid sphereg, Рм алеі uus 
and said that different spheres made up the different elements. 


2) In 1897 2) Thomson concluded from his experiments that atoms woren't solid spheres. 
His measurements of charge and macs showed that an atom must contain even smaller, 
negatively charged particles — electrons. The ‘solid sphere’ idea of atomic structure 
had to be changed. The new theory was known as the ‘plum pudding modal. dicen ри 


3) The plum pudding model showed the atom as a ball of positive charge with electrons stuck in it. ® 
Rutherford Showed that the Plum Pudding Model Was Wrong 


1) In 1909 Ernest Rutherford and his student Ernest Marsden conducted the famous alpha particle 
‘oattering experiments. They fired positively charged alpha particles at an extremely thin sheet of gold. 
2) From the plum pudding model, they wore expecting the particles to pass straight through the sheet or be 
i| most. This was b. the positive charge of each atom was thought to be very 


spread out through 
the gold sheet, some wore deflected more than expected, and a small number were deflected backwards. 
Зо the plum pudding model couldn't be right. 
9) Rutherford came up with an iden to explain this new A few pantiles 
evidence — the of the atom. In thie, there's at Meini | 
a tiny, positively charged seu at the centre, where. prised 
most of the mass is concentrated. A ‘cloud! of negative 
electrons surrounda thie nucleus — so moet of the atom le amply прас. When alpha particles come 
near the concentrated, positive charge of the nucleus, they were deflected. If they were fired directly at 
the nucleus, they were deflected backwards, Otherwise, they passed through the empty space. 


Bohr's Nuclear Model Explains a Lot | 

1) Scientists realised that electrons in a ‘cloud’ around the nucleus of an atom, as Rutherford described, 
would be attracted to the nucleus, causing the atom to collapse. Niels Bohr's nuclear model of 
the atom suggested that all the electrons were contained in shells. noce. hells 

2) Bohr proposed that electrons orbit the nucleus in fixed shells and aren't / X 
anywhere in between. Each shell is a fixed distance from the nucleus. te 

3) Bohr's theory of atomic structure was supported by many experiments 
and it helped to explain lots of other scientists’ observations at the time. 


Further Experiments Showed the Existence of Protons | 
1) Further experiments by Rutherford and others showed that the nucleus can be divided into smaller 
particles, which each have the same charge ав а hydrogen nucleus. These particles were named protons. 
2) About 20 years after scientists had accepted that atoms have nuclei, James Chadwick carried out an 
experiment which provided evidence for neutral particles in the nucleus which are now called neutrons. 
The discovery of neutrons resulted in a model of the atom which was pretty close to the modern day 
accepted version, known as the nuclear model (see page 12). 


I wanted to be a model — but I ate too much plum pudding... 
In science, other people's work is constantly being built upon — increasing our understanding of a topic. 
QI Describe the “plum pudding” model of the atom. [1 mark] 
Q2 — Rutherford devised an experiment where alpha particles were fired through gold foil. Most of 
the particles passed through the foil, but some were deflected by different angles, and some were even 
deflected backwards. Explain why this disproves the plum pudding model. [2 marks] 


Most of the 


F space. but a few 
are deflected 
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Electronic Structure _ 


The fact that electrons occupy ‘shells’ around the nucleus is what causes the whole of chemistry. 


Remember that, and watch how it applies to each bit of it. H's aco. 
_Electron Shell Rules: | ETE T SONT DRY нп 
1) Electrons always occupy shells as diagrams like this... 


's called energy levels). 

energy levels are 

— these are the ones closest to the nucleus. 
of electrons are 


2) 


8) Only а certain number 
allowed in each shell: 

letshel: 2 2ndihel 8 Grd shell; 8 

Atoms are much happier when they have full 
electron shells noble gases 


— liko th 
in Group 0. БЕ эм shel sl ling 
In most atoms, the outer shell is not full and 2,81 
this makes the atom want to renct to fill it. Бой of ihe contaurations ie NF " 


4) 


Follow the Rules to Work Out Electronic Structures 


You can easily work out the alectronio structures for the firot 20 elements of the 
periodic table (things get a bit more complicated after that). 


cura What is the electronic structure of nitrogen? 


3) Nitrogeris atomic number is 7. This means it has 7 protons. so it must have 7 electrons. 

2) Follow the ‘Electron Shell Rules’ above The first shell can only take 2 electrons and the 
second shell can take a maximum of В electrons, 

So the electronic structure for nitrogen must be 2, 5. 


gua What is the electronic strücture of magnesium? 


3) Magnesium atomic number is 12. This means it has 12 protons.. so it must have 12 electrons. 

2) Follow the "Electron Shell Rules’ above. The first shell can only take 2 electrons and the second. 
shell can take a maximum of 8 electrons, so the third shell must also be partially filled. 

So the electronic structure for magnesium must be 2, 8, 2. 


Here are some more examples of electronic structures: 


Н Hydrogen || He н» || Li uium С carbon Ne noon | Са Calum 
= کس‎ ex 
e © © (tien 
e|e,eo!|e | (© 
1 2 24 24 28 2.8.8.2 
Proton no. = 1| [Proton no. = 2| [Proton no. = a| [proton no. = 6| [Proton по. = 10| | Proton no. = 20) 


The electronic structure of the fifth element — it’s a bit boron... 


Electronic structures may seem a bit complicated at first but once you learn the rules, it's a piece of cake. 
And just like cake, you'll never regret going back for some more, Better get practising. 
QI — Give the electronic structure of aluminium (atomic number = 13), [1 mark] 


Q2 Give the electronic structure of argon (atomic number = 18). [I mark] 
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Development of the Periodic Table | 


We haven't always known as much about chemistry as we do now. No sirree. Early chemists looked to 
try and understand patterns in the elements’ properties to get a bit of understanding. 


In the Early 1800s Elements Were Arranged By Atomic Mass | 
Until quite recently, there were two obvious ways to categorise elements: 


1) Their physical and chemical properties. 2) Their relative atomic mass. 


1) Remember, scientists had no idea of atomic structure or of. Remember — the 
neutrons or electrons, so there was no such thing an سا‎ Wan 3 еее 
(lt was only in the 20th century after protons and electrons were discovered 
that it was realised the elements were best arranged in order of atomic number.) D 
2) Back then, the only thing they could measure was relative atomic mass, and во the known elements 
were arranged in order of atomio mass. When this was done, a periodic pattern was noticed in 
the properties of the elements. This is where the name ‘periodic table’ comes from — ta da... 
Early periodic tables were not complete and some elements were placed in the wrong group. 
This is because elements were placed in the order of relative atomio mass and did not take into 
account their properties, 


3) 


Dmitri Mendeleev Left Gaps and Predicted New Elements | 


J) In 1869, Dmitri Mendeleoy overcame come of the probleme of early periodic tablon by taking БО known 
elements and arranging them into hie Table of Elements — with various gaps as shown, 


Mendeleev Table of the Elements СОМИ put tha Soren malik ir 
order of atomio mass but did switch 
н ‘that order if the properties meant it 
U Be B О Е should be changed. An example of this 


CN 
Na Mg A SI P 8 Cl oan been seen with Te and | — iodine 


К Ca* Ti V Or Mn Ро Co Ni Cuzn* * As Ge Br Nee Meier peer 
RbSr Y ZrNb Mo * Ru Rh Pd Ag Cd In Sn Sb Te | heo бийк properties to the elements 


CoBa* * Ta W * Ов! Рі Au Hg Tl Pb Bi in that group. 


3) Gaps were left in the table to make sure that elements with similar properties stayed in the same groups. 
Some of these gaps indicated the existence of undiscovered elements and allowed Mendeleev to predict 
what their properties might be. When they were found and they fitted the pattern it helped confirm 
Mendeleev's ideas. For example, Mendeleev made really good predictions about the chemical and 
physical properties of an element he called ekasilicon, which we know today as germanium. 


The discovery of isotopes (see page 13) in the early 20th century confirmed 
that Mendeleev was correct to not place elements in a strict order of 
atomic mass but 4o also take account of their properties. Isotopes of the 


properties so occupy the same position on the periodic table. 


You should come back to this page periodically... 


Ahh more history... This is science at its best, discoveries building upon discoveries — all leading to the point 
where you have to learn it. Mendeleev would be proud... of himself and you of course. 


QI How were s classified in the carly 1800 


[1 mack] 


Q2 Describe two changes that Mendeleev made to early periodic tables. 2 marks] 
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The Modern Periodic Table 


o, as you've seen it took a while to get to the periodic table that you will (soon) know and love. 
1 present to you a chemist's best friend... 


| The Periodic Table Helps you to See Patterns in Properties | 


1) There aro 100ish elements, which all materials are made of. 

2) In the periodic table the elements are laid out in order of increasing atomic (proton) number. 
Arranging the elements like this means there are repeating patterns in the properties of the elements. 
(The properties are said to occur periodically, hence the name periodio table.) 

3) Ҥй wasn't for the periodic table organising everything, you'd have a heck of a job remembering all 
those properties. It's пое. 

4) W'e a handy tool for working out which elements are metals and which are non-melals. 
Metals aro found to the left and non-metuls to tho right. 


relative ues онин Omen 


m 


аа metals transition melal halogena noblo gases (pink ne separates matala and non-metal) 
(eee page 24) (eee page 23) (еве page 25) (cee риде 26) 

5) Elements with similar properties form columns. 

8) These vertical columng are called groups. 

7) The group number tells you how many electrons there are in the outer shell. For example, Group 1 

elements all have one electron in their outer shell and Group 7 all have seven electrons in their outer 

shell. The exception 10 the rule is group О, for example Helium has two electrons in its outer shell. 

This is useful as the way atoms react depends upon the number of electrons in their outer shell. $o all 

elements in the вате group are likely fo react in a similar way. 

If you know the properties of one element, you can predict properties of other elements in that group 

— and in the exam, you might be asked to do this. For example the Group 1 elements are Li, Na, K, Rb, 

Cs and Fr. They're all metals and they react in a similar way (see page 24). 

9) You can also make predictions about trends in reactivity. E.g. in Group 1, the elements react more 
vigorously as you go down the group. And in Group 7, reactivity decreases as you go down the group. 

10) The rows are called periods. Each new period represents another full shell of electrons. 


I'm іп а chemistry band — I play the symbols... 


Because the periodic table is organised into groups and periods, it allows us to see trends in both reactivity 
and properties. And this means we can make predictions on how reactions will occur. How neat is that? 


QI Using a periodic table, state how many electrons beryllium has in its outer shell [1 mark] 


Q2 Chlorine reacts in a similar way to bron 


ta reason why, [1 mark] 


Q3 — Sodium readily forms 1+ ions, Suggest what ions pot 


assium forms and explain why. (1 mark] 
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Metals and Non-Metals 


1 can almost guarantee you'll touch something metallic today, that's how important metals are to modern life. 


Most Elements are Metals | a эз 


1) Metals are elements which can form positive ions when they react. Б 
2) They're towards the bottom and to the left of the poriodio table. 
8) Most elements in the periodic table are metals. 

4) Non-metals are at the far right and top of the periodic table, = 
5) Non-metals don't generally form positive ions when they react. ‘Transition Metala 


The Electronic Structure of Atoms Affects How They Will React 


1) Atoms generally react to form a full outer shell. They do this via losing, gaining or sharing electrons, 

2) Metals to the loft of the periodic tablo don't have many electrons to remove and metals towards the 
bottom of the periodic table have outer electrons which long way from the nucleus so 
weaker attraction. Both these effects means that no! much energy is needed to remove the electrons 
во It's feasible for the elements to react to form positive ions with a full outer shell. 

3) For non-metols, forming positive ione is much more difficult. This is as they are either to the right of 
the periodic table — whore thoy have lots of electrons to remove to got a full outer shell, or towards 
the top — where the outer M are close to the nucleus so feel a strong attraction. It's far more 
feasible for them to either share or gain electrons to get a full outer shell. 


Metals and Non-Metals Have Different Physical Properties | 
1) All metals have motallic bonding which causes them to have similar basic physical properties. 


+ They're strong (hard to break), but can be bent or hammered into different shapes (malleable). 
* They're great at conducting heat and electricity. 
* They have high boiling and melting points. 
2) As non-motals don't have metallic bonding, they don't tend to exhibit the 
same properties as metals. They tend to be 


more brittle, aren't always solids at room temperature, 
don't generally conduct electricity and often have a lower density. 


| Transition Metals can be Found Between Group 2 and Group 3 


1) Transition metals are in the centre of the periodic table (see above). 

2) Transition metals are typical metals, and have the properties you would expect of a ‘proper’ metal — 
they're good conductors of heat and electricity, and they're very dense, strong and shiny. 

3) Transition metals also have some pretty special properties... 


+ Transition metals can have more than one ion. For example, copper 
forms Си? and Си?" ions. Cobalt forms Co?* and Со?' ions. 

* Transition metal ions are often coloured, and во compounds that contain them are colourful. 
For example, potassium chromate(VI), which is yellow, potassium(Vil) manganate is purple. 

‘+ Transition metal compounds often make good catalysts (things that speed up the rate of a 
reaction — see p.68). For example, a nickel based catalyst is used in the hydrogenation of 
alkenes (p.79), and an iron catalyst is used in the Haber process for making ammonia (p.104). 


You can ‘rock out’ to metal, you can sway gently to non-metal... 
Metals and non-metals are like chalk and cheese... Though 1 hope there's no metal in your cheese. 
QI — State three properties of metals. [3 marks] 
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Group 1 Elements 


Group 1 elements are known as the alkali metals. As metals go, they're pretty reactive. 


The Group I Elements are Reactive, Soft Metals | 

1) The alkali metals are lithium, sodium, potassium, rubidium, caesium and francium. 

2) They all have one electron in their outer shell which makes them 

very reactive and gives them similar properties. 
3) The alkali metals are all soft and have low density. 
4) The frends for the alkali metals ав you go down Group 1 include: 
* Increasing reactivity — the outer electron is more easily lost as the 

attraction between the nucleus and electron decreases, because the electron 
is further away from the nucleus the further down the group you go. 


Lower melting and boiling points. 
Higher relative atomic mans. 


| Alkali Metals Form Ionic Compounds with Non-Metals |... 


1) The Group 1 elements don't need much energy to loce thelr one outer S иран 
electron to form a full outer choll, 


10 they readily form L+ long. ЖИШШ 
2) I's во easy for them to lose their outer electron that they only ever react to form. жадай. 
These compounds are generally white solids that dissolve in water to form colourless solutions. 
Reaction with water 2 Р 
* When Group 1 metals aro put in water, they ia BOW 2Ч0Н, + : H, 
d peptone Wad sodium * water =» sodium hydroxide + hydr =a) 


melal hydroxides — salts that dissolve in water to produce alkaline solutions. 
+ Tho more reactive (lower down in the group) an alkali metal is, the more violent the reaction, 


* The amount of energy given out by the reaction increases down the group 
— the reaction with potassium releases enough energy to ignite hydrogen. 


‘Reaction with chlorine x 

1) Group 1 metale react vigorously when heatedin 200 у ы, 2 MAD 
He roso Иш M sodim + chore > sodium chloride 

2) As you go down the group, reactivity increases во the reaction with chlorine gets more vigorous. 

Ration wih augen popu 

The Group 1 metals cen react with cxugen to form a metal oxide. E Gop tinea ana’ 


Different types of oxide will form depending on the Group 1 metal: Eo 
* Lithium reacts to form lithium oxide (Li,0). ^ 
* Sodium reacts to form a mixture of sodium oxide (Na,O) and sodium peroxide 
* Potassium reacts to form a mixture of potassium peroxide (К,0,) rpm aes (K0,). 


| Group 1 Metals Have Different Properties to Transition Metals | 


1) Group 1 metals are much more reactive than transition metals — they react 
more vigorously with water, oxygen or Group 7 elements, for example. 
2) ту, 're also much less dense, strong and hard than the transition metals, and have 
much lower malting points. E.g. manganese melts at 2000 °C, sodium melts at 98 °C. 


Back to the drawing board with my lithium swim shorts design. 
Reactions of alkali metals need safety precautions, but they fizz in water and might explode. Cool. 
QI — Explain the trend in reactivity as you go down Group 1. [2 marks] 
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Group 7 Elements | 


The Group 7 elements are known as the halogens. The whole ‘trend thing’ happens with the halogens 
as well — that shouldn't come as a surprise. 


_The Halogens are All Non-Metals with Coloured Vapours | 


lodine is a dark grey crystalline solid or а purple vapour. 
They all exist a molecules which aro pales of atoms. Ee» Re 
Br, 
Learn These Trends: | 


Ac you go DOWN Group 7, the halogens: 


1) become LESS REACTIVE — it’s harder to gain 
эп extra electron, because the outer shell's 
further from the писіеш 


2) have HIGHER MELTING AND BOILING POINTS. 
9) have HIGHER RELATIVE ATOMIC MASSES. 


All the Group 7 elements react in similar ways. This is 
because they all have seven electrons in their outor shell. 4 


Апе wil hav 
boing point th 
= its farther down the gr 


д abe 


Halogens can Form Molecular Compounds 


Halogen atoms can share electrons via covalent bonding (see page 31) with other non-metals so as to 
achieve a full outer shell. For example HCI, PCI,, HF and CCI, contain covalent bonds. The compounds 
that form when halogens reaot with non-metals all have simple molecular structures (see p.32). 


Halogens Form Ionic Bonds with Metals | 


1) The halogens form I= ions called halides (Е, Cl-, Br- and 1-) 
when they bond with metals, for example NaCI or Fe?'B 

2) The compounds that form have jonio structures. 

9) The diagram shows the bonding in «odium chloride, NaCl. 


More Reactive Halogens Will Displace Less Reactive Ones 


A displacement reaction can occur between а more reactive halogen and the salt of а less reactive one. 


E.g. chlorine oan displace bromine and iodine from an aqueous solution of ife salt (a bromide or iodide). 
Bromine will also displace iodine because of the frend in reactivity. -e= 


es 
Cl, + Ж, > huy + KOL 


iodide 


Chy + Kery > Вы, + ZKO, ged 


I сап see your halo(gen), halo(gen) halo(gen)... 

You say "halo-gen' I say ‘halogen’, lets call the whole thing off... Apart from revision, let's call that 

whole thing ‘on’. Displacement reactions are pretty important in chemistry — better learn the facts. 

QI — Predict whether bromine would displace iodine from sodium iodide and explain why. [2 marks] 

Q2 — Why do Group 7 el get less rea 
go down the group from fluorine to iodi 


as you 
[3 marks] 
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Group 0 Elements 


The Group О elements are known as noble gases — stuffed full of every honourable virtue. 
They don’t react with very much and you can't even see them — making them, well, a bit dull really. 


Group 0 Elements are АП Inert, Colourless Gases 


1) Group O elements are called the noble gases and include the elements helium, 
neon and argon (plus а few others). ns em 
2) They all have eight electrons in their outer energy level, ا‎ ЦА 
аран from helium which has two, giving them a 
-thell. As their outer shell is energetically 
stable they don't need to give up or gain electrons to become more stable. 
This means they are more or less inert — they don't react with much at 
9) They exist as monatomic gases — single atoms not bonded to each other. 
4) All elements in Group О are colourless gases at room temperature. ا‎ 
5) Ae the noble gases are inert they're non-flammable — thoy won't aet on fire. 


nin the fist 
be filed 


which only n 


There are Patterns in the Properties of the Noble Gases 


1) The boiling points of the noble gasos incense av you move down 
the group along with increasing relative atomic macs. 


2) The increase in boiling point is 
due to an increase in the number 
of electrons in each atom leading 
to 


grantor intermoleoular forces 
Iran behween them which need to 
olny pont be overcome, There's more on. 
intermolecular forces for small ^ 
molecules on page 32. 


3) In the exam you may be given the boiling point of one noble gas and asked to 
estimate the value for another one. бо make sure you know the pattern. 


сша Neon is a gas at 25 °С. Predict what state helium is at this temperature. 


Helium has a lower boiling point than neon as it is further up the group. 
So, helium must also be a gas at 25 "C. 


EN... and krypton have boiling points of ~62 °C and —153 °C respectively 
Predict the boiling point of xenon. 
Xenon comes in between radon and krypton in the group so you can predict that йз 
boiling point would be halfway between their boiling points: (-153) + 
шы USC OTS ioc 
So, xenon should havea boiling point of about -108 CTT ттн 


The actual ойла point of xenon в — 


or this ore 


— jest as predicted, Neat! = 


Arrrgon — the pirate element... 


As noble gases don't really react there isn't too much to learn about them. If you understand why they are 
unreactive and the trend in boiling points as you go down the group you're sorted. 
QI — Docs xenon or neon have the higher boiling point? [1 mark] 


Q2 — Argon is very unreactive. Using your knowledge of its electronic structure, explain why. [2 marks] 
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Revision Questions for Topic 1 


Well, that wraps up Topic I — time to put yourself to the test and find out how much you really know. 
* Try these questions and fick off each one when you get it right. 

* When you've done all the questions under a heading and are completely happy with it, tick it off. 
Atoms, Elements and Compounds (р.12-15) [ ] 

1) Sketch an atom. Label the nucleus and the electrons. Im 
2) What is the charge of a proton? 

3) True or False? Elements contain more than one type of atom, 
4) Give the formula for: 

а) Carbon dioxide b) Sodium carbonate [m 
5) Balance these equations: 

a) Mg + 0, — MgO b) H,80, + NaOH — Na,80, + H,0 
Mixtures and Separation (p.16-18) [ ] 
6) What ic the difference between a compound and a mixture? 

7) What is the name of the pattern formed from carrying out paper chromatography? 
8) Which method of separation ie useful fo separate an insoluble solid from a liquid? 
9) Give the name of a method to separate a soluble solid from a liquid. 

10) Which method of distillation would you use to separate liquids with similar boiling points’? o 


Electronic Structure and the History of the Periodic Table (p.19-22) 
1) Who discovered that the plum pudding model was wrong? 
12) Who first devised an experiment that proved the existence of the neutron? 
13) What is the electronic structure of sodium? [m] 
14) Why did Mendeleev leave gaps in his Table of Elements? 
Groups of the Periodic Table (p.23-26) 
15) How are the group number and the number of electrons in the outer shell of an element related? 
16) What kind of ions do metals form? 
17) Where are non-metals on the periodic table? 
18) Give three properties which are specific to transition metals. 
19) State three trends as you go down Group 1. 
20) State the products of the reaction of sodium and water. 
21) State the differences between Group 1 and transition metals for the following properties: 

a) Hardness b) Reactivity o) Melting Pointe 
22) How do the boiling points of halogens change as you go down the group from fluorine to astatine? 
28) What is the charge of the ions that halogens form when they react with metals? 
24) Predict whether iodine is displaced by chlorine in a solution of potassium iodide. 
25) What is the trend in boiling point as you go down Group 07 
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Formation of Ions 


ons crop up all over the place in chemistry. You're gonna have to be able to explain how they form and 
predict the charges of simple ions formed by elements in Groups 1, 2, 8 and 7. You'd better get on... 
Ions are Made When Electrons are Transferred | 


1) lons are charged particles — they can be single atoms (e.g. СГ) or groups of atoms (e.g. NO, ). 


2) When atoms lose or gain electrons to form ione, all they're trying aunan 
to do is get а full outer shell like a noble gas (also called a i беу Of у de be = 
“stable electronic structure"). Atoms with full outer shells are very stable. ^ii 


3) When metals form ions, they lose electrons from their outer shell to form positive ions. 
4) When non-meluls form ions, they gain electrons into their outer shell to form negative ions. 


5) The number of electrons lost or gained is the samo as the charge on the ion. E.g. If 2 electrons are lost 
the charge is 2+. If 3 electrons are gained the charge is 3=. 


Groups | & 2 and 6 & 7 are the Most Likely to Form Ions 
1) The elements that most readily form lont are those in Groupe 1, 2, 6 and 7. 
2) Group Land 2 elements are metals and they lose electrons to form positive ions (cations). 


3) Group 6 and 7 elements are non-metals. They gain electrons to form negative ions (anions). 
4) You don't have fo remember whet опо moa! alamonts form — nope, you just look at the periodo tebe, 


5) Elemente in tha same group all have the same mumbar of ule lion. бо they have fo lone or goin 
‘the same number to get a full outer shell. And this means that they form ions with the 


Group} elemente Огоц 2 elements Group 6 elements _ Group 7 elomente. 
form Lt ions. form 2+ ions. на (mn 


DD 

по50065 

у [or Mn) е оом [ou [an [on oo |as | Be) Be] к, 

Ne o те [Ru [nh [Pa Aa [сањ (ве оьте f |xe 

HT Ta) W [Re [0s | ir | Pt Au Ma | т | Pb| & 2 
toe ag o [ws [w [s [mu 


with the same electronic structure ав neon: Na — Na* + er 


* А magnesium atom (Mg) is in Group 2 so it loses 2 electrons to form a magnesium 
ion (Mg?*) with the сате electronic structure as neon: Mg — М?' + 2e. 

* А chlorine atom (Cl) is in Group 7 so И gains 1 electron to form a chloride ion (CF) 
with the same electronic structure as argon: CI + e” — CF. 


* Ап oxygen atom (0) is in Group 6 so it gains 2 electrons to form an oxide ion 
(0°) with the same electronic structure as neon: O + 2е-—› O^. 


"Have look 


к 


I’ve got my ion you... 


Some elements like to gain electrons, some elements like to lose electrons, but they all want to have a 
full outer shell. Poor little electron shells, all they want in life is to be full. 


QI Explain why simple ions often have noble gas electronic structures. [2 marks] 
Q2 — Predict the charges of the ions formed by the following elements: 
a) Bromine (Br) b) Calcium (Ca) с) Potassium (К) [3 marks] 


Topic 2 — Bonding, Structure and Properties of Matter 


Time to find out how particles bond together їо form compounds (bet you can't wait). There are three 
types of bonding you need to know about — ionic, covalent and metallic. First up, it’s ionic bonds. 


| Ionic Bonding — Transfer of Electrons | 
When a metal and а non-metal react together, the паш atom loses electrons to form e positively charged 
ion and the non-metal gains these electrons to form a negatively charged ion. These oppositely charged ions 


are strongly attracted to one another by electrostatic forces. This attraction is called an ionic bond. 


| Dot and Cross Diagrams Show How Ionic Compounds are Formed | 
Dot and cross diagrams show the arrangement of electrons in an atom or ion. Each electron ie represented 
by a dot or a cross. So those diagrams oan show which Шого the eleotrons in an ion originally came from. 


ES E 7..1: 


The chlorine atom picks up the electron, к Hb na ih E 
becoming a CI (chloride) Ca sm atom diam sodium on hloride on = бот з group raver 


V Mere, the dots represent the Na electrons and the соне 
the CI deco (al devora are ely k 


й way ng ther moven 


ПШПШ 
Mere we've only shown the outer sh 

electrons on the dot and cross diagr: 

ales mh imper o ме what going 


m 
The magnesium atom gives up На Ооо; => [me " 
Iwo outer electrons, becoming an n = A 
М?” lon. The oxygen atom picks up the N s H 
electrons, becoming an 0° (oxide) ion. magnesium atom oxygen atom magnesium ion 


Magnesium Chloride (MgCl,) г 4- 

The magnesium atom gives up ite AN) => | 

{wo outer ма». plene А 

an Mg** ion. My за а 
ы 282 287 2&8 1 
becoming two Cl (chloride) ions. magnesium stom hlorne atom cherie ion magresom ion chere ion 

FRAT д GSES + es 
[wo atoms each give جس‎ 

up their single outer deco, О; 0 © = | O [+] 
becoming two Ма” lone. 2Na [2] Nat о м 
The oxygen atom picks up the two 281 26 28 28 28 
electrons, becoming an 02 ion. Sod on "кө нө الت‎ sola 


Dot and cross diagrams are useful for showing how ionic compounds are formed, but they don’t show the 
structure of the compound, the size of the ions or how they're arranged. But hey-ho — nothing's perfect. 


Any old ion, any old ion — any, any, any old ion... 
You need to be able to describe how ionic compounds are formed using both words and dot and cross diagrams. 
It gets easier with practice, so here are some questions to get you started. 


QI — Describe, in terms of electron transfer, how sodium (Na) and chlorine (CI) 

react to form sodium chloride (NaCl), [3 marks] 
Q2 Draw a dot and cross diagram to show how potassium (a Group 1 metal) and bromine 

(a Group 7 non metal) form potassium bromide (KBr). [3 marks] 
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Ionic Compounds 
I'd take everything on this page with a pinch of galt if I were you... Ho ho ho — I jest, it's important really. 


Tonic Compounds Have A Regular Lattice Structure 


1) lonic compounds have a structure called a giant ionic lattice. 
2) The ions form a closely packed regular lattice arrangement and there are very 
strong electrostatic forces of attraction between oppositely charged ions, in all directions à 


А single crystal of sodium chloride (table salt) is one giant ionic lattice. The Na* and CI- ions are held 
together in a regular lattice. The lattice сап bo represented in different waye... 
M This э ball and stiek model 
M hows the regular pater ef an ion 
sepia and shows haw all the ions are 
arranged. It ls suggests that the 

суш! eter beyond whats shown in 
the diagram. The model ato vale 
though so the relatie sizes of the lors 
ws may rot be shown Ala v 

ere aren't gaps between the ions 


The decorate attraction 


between the oppositely 


t you 
layer of the compound and 


alamate, 
айу 


Ionic Compounds All Have Similar Properties | 


1) They all have high melting points and bigh boiling points due to the many strong 
bonds. between the ions. It takes: Tote of energy to overcome this пое 


ry ions are free to move and they'll ‘amy electio currant. ооо XC) 
3) Some ionic compounds also dissolve in water. The ions separato 
and are all free to move in the solution, во they'll carry electric current. 


Look at Charges to Find the Formula of an Ionic Compound 


1) You might have to work out the empirical formula of an ionic compound from a diagram of the compound. 


2) If it's a dot and cross diagram, count up how many atoms there are of each element. 
Write this down to give you the empirical formula. 


3) If you're given a 3D diagram of the ionic lattice, use it o work out what ions are in the ionic compound. 
4) You'll then have to balance the charges of the ions so that the overall charge on the compound is zero. 


What's the empirical formula of the ionic compound shown on the right? 
1) Look at the diagram to work out what Тһе compound contains potassium. 


ions are in the compound and oxide ions. 
2) Work out what charges the ions will form. Potassium is in Group 1 so forms 1+ ions. 
3) Balance the charges so the charge of the Oxygen is in Group 6 so forms 2— ions. @ = газел on 
empirical formula is zero. А potassium ion only has a 1+ charge, зо youll M oy, 
need two of them to balance out the 2~ charge 


of an oxide ion. The empirical formula is K,O. 


Giant ionic lattices — all over your chips... 
Here's where you can get a little practice working out formulas for ionic compounds. 
QI — The structure of an ionic compound is shown on the right. 

a) Predict, with reasoning, whether the compound 


has a high or a low melting point. [2 marks] 
b) Explain why the compound can conduct electricity when molten. [1 mark] 
€) Use the diagram to find the empirical formula of the compound. [3 marks] 
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Covalent Bonding | 


Some elements bond ionically (see page 29) but others form strong covalent bonds. 
This is where atoms share electrons with each other so that they've got full outer shells, 


Covalent Bonds — Sharing Electrons | 


1) When non-metal atoms bond together, they share pairs of electrons to make covalent bonds. 
2) The positively charged nuclei of the bonded atoms are attracted to the shared pair 
of electrons by electrostatic forces, making covalent bonds very strong. 
3) Atoms only share electrons in their outer shells (highest energy levels). 
4) Each single covalent bond provides one exlra shared electron for each atom. 
5) Each atom involved generally makes enough covalent bonds to fill up Ив outer shell. 
Having a full outer shell gives them the electronic structure of a noble gas, which is very stablo. 


6) Covalent bonding happens in compounds of non-metal (e.g. H,O) and in non-metal elements (e.g. CI). 


There are Different Ways of Drawing Covalent Bonds | 
1) You сап use dot and orons diagrams 107 
show the bonding in covalent compounds, 


2) Electrons drawn in the overlap between 
‘the outer orbitals of two atoms are 


Nitrogen has five outer electrons... 


PM 
3 IM Ы 


shared between those atoms, H*N* 
9) Dot and cross diagrams are useful for (e:e:e rS 
showing which atoms the electrons in а 
covalent bond come from, but they - 
don't show the rolative sizes of ...80 it needs to form 


three covalent bonds 
the atoms, or how the atoms to make up the extra гоо electrons needed. 


Aj" The displayed formula of ammonia (NH,) shows 
the covalent bonds as single lines between atoms. 
5) This is a groat way of showing how atoms are connected in large 
molecules, However, they don't chow the 2D structure of the molecule, 
or which atoms the electrons in the covalent bond have come from. 
6) The 3D model of ammonia shows the atoms, the covalent bonds and their / ^N 
arrangement in space next to each other. But 3D models can quickly get 
confusing for large molecules where there are lots of atoms to include. 
They don't chow where the electrons in the bonds have come from, either. 
You can find the molecular formula of a simple molecular compound from any 
of these diagrams by counting up how many atoms of each element there are. 


pud А diagram of the molecule ethane is shown on 


the right. Use the diagram to find the 


7 


molecular formula of ethane. noy 
In the diagram, there are two carbon atoms and sx Кс рН 
hydrogen atoms. So the molecular formula is C,H, hoa 


Sharing is caring... 
There's a whole page of dot and cross diagrams for other covalent molecules yet to come, but make sure you can 
draw the different diagrams that can be used to show the bonding in ammonia on this page first. 


QI — Drawa dot and cross diagram to show the bonding in a molecule of ammonia (NH,). [2 marks] 
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Simple Molecular Substances 


These molecules might be simple, but you've still gotta know about them. 1 know, the world is а cruel place. 


Е Learn These Examples of Simple Molecular Substances 


made up of molecules containing a few atoms joined together 


‘Hydrogen, H, 

Hydrogen atoms have just one electron. They only 
need one more fo complete the first shell... 

...80 they often form single 
covalent bonds, either with 
other hydrogen atome or with 


®:@ 


Chlorine, Cl, 
Each chlorine atom needs just one more 
electron to complete the outer shell. 
..80 two chlorine atoms 
А сап share опе pair of 
10:0: electrons and form 


** making a double covalent bond. 


other elements, to achieve this. E A single covalent bond. 
Oxygen, O, Nitrogen, N, 
Each oxygen atom needs two more electrons to Nitrogen atoms need. decia electrons... 
coupe ite outer shell... 07 
*. во in oxygen gan two 4 ro 
LI © ошное shore two paira | | * eie ® to fil thoir outer chelle. 
of electrons with each othor This oreates a triple bond. 


Carbon has four outer electrons, 

which is half a full shell. 

W oan form four covalent bonda \ © © ®) 
with hydrogen atome to fill up Xx 

ite outer shell. os (© 


In , the oxygen 
shares a pair of electrons with 
two Н atoms to form 


Properties of Simple Molecular Substances | 


1) Substances containing 
ш 


тетт Vito molétcoe ave aru 


3) To melt or boil a simple molecular compound, you only need to 
and not the covalent bonds. So the melting and 
are very low, because the molecules are easily parted 


break these 
boiling рой 


usually have 
; like the examples above. 
2) The atoma within tha moleoulas ere hald together by 
By contrast, the forces of 


two single covalent bonds. 
Hudrogen Chloride, HCl 
This ie very similar to Н, and Cl. 
Again, both atome only need "| 2 e Н 
ю fponte 
their outer shells. 
Wonk intermolecular forces. 


from each other. 


4) Most molecular substances are gases ог liquids at room temperature. 
5) Ac molecules get bigger, the strength of the intermolecular forces increases, во 
more energy is needed to break them, and the melting and boiling points increase. 


6) Molecular compounds don't conduct electricity, simply because they 
aren't charged, so there are no free electrons or ions. 


May the intermolecular force be with you... 
Never forget that it’s the weak forces between molecules that are broken when a simple molecular substance melts. 


о 
Q2 


Explain why oxygen, O, 
Explain why nitrogen, 


a gas at room temperature, 
, doesn't conduct electricity. 


[1 mark] 
[1 mark] 


Topic 2 — Bonding, Structure and Properties of Matter 


33 


Polymers and Giant Covalent Structures —— 


Wouldn't it be simply marvellous if only simple molecular substances had covalent bonds, and it was now fime 
to put your feet up? Well it's not like that. Polymers and giant covalent substances also have covalent bonds. 


Polymers Are Long Chains of Repeating Units | 


Y) Ina polymer, lots of small units are linked together to form a long molecule that has repeating sections, 
2) All the atoms in a polymer are joined by strong covalent bonds. 
8) Instead of drawing out a whole long polymer 
molecule (which can contain thousands or even | Th polymer is called Th bonds aah te 
millions of atoms), you сап draw the shortest тоун) нн үй poros 
repeating section, called the repeating unit, like thie: 
To find the malls Remis of в polymer, d a] remm 
wilo down the molecular formula of tho ны e NA ee pow 
repealing unit in brackets, and put an 'n' outside. кошу 2 
5) Go for polulethene), the molecular formula of the polymer is (C.H,),- 
6) The intermolecular forces between polymer molecules are larger than >, ^ irs. 
between simplo covalent molecules, во more anargy в needed fo break them. ''' 
This means most polymers are solid at room temperature. 
Tho intormoleoular forces aro still weaker than ionic or covalent bonds, во they 
generally have lower boiling points than ionio or giant molecular compounds. 


4) 


7 


Giant Covalent Structures Are Macromolecules | 


1) In giant covalent structures, all the atoms are bonded to gach other by strong covalent bonds. 


2) They have very high melting and boiling points as lots of energy is 
Ben to break the covalent bonds between Ноте. 


9) They don't contain charged particles, во they don't conduct electricity — not even when 
molten (except for а few weird exceptions such as graphite, cee next page). 

4) The main examples that you need to know about are diamond and graphite, 

which are both made from garbon atoms only, and silicon dioxide (silica). 


Diamond: Graphite: Silicon dioxide: } „ко 


Ей en 
pu ryt 


Each carbon atom for 
four covalent bonds in а very covalent bonds to create layers of what sand is made of. Each 
Hid giant covalent sluolure. hexagons. Each carbon atom also grain of sand is one giant 
Spinel : has one delocalised (free) electron. structure of silicon and oxygen. 


Sane cote sete E = 


What do you call a vehicle made of sand? Sili-car... 


То melt or boil a simple molecular substance or a polymer, only the weakish intermolecular forces need to 
be broken, To melt or boil a giant covalent substance, you have to break very strong covalent bonds. 


Each carbon atom forms three Sometimes called silica, this ie 


QI The repeating unit of poly(chloroethene) is shown on the right. DE 
Whats the molecular formula of poly(chloroethene)? С [1 mark] 
T 
Q2 Predict, with reasoning, whether diamond or poly(ethene) has a higher melting point, \Н 10, [3 marks] 
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| Allotropes of Carbon | 
Allotropes are different structural forms of the same element in the same physical state. Carbon's got lots... 
[Diamond te Very Hard | 
1) Diamond has a giant covalent structure, made up of carbon atoms 
that each form four covalent bonds. This makes diamond really hard. 
2) Those take а lot of energy to break 


strong covalent bonds 
and give diamond a vary high molting point. s 
3) It doesn't conduct electricity because it has no free electrons or ions. ©” 


[ Graphite Contains Sheets of Hexagons | 
— 1) In graphite, each carbon atom only forms three covalent bonds, 
creating sheets of carbon atoms arranged in hexagons. 
u wu i! 2) There aren't any covalont bonds betwaen the layers — they're only 
a held together weakly, во they're free to move over each other. This 


; o makes graphite soft and slippery, во it's ideal as a 
8) Oraphile's got a high melting point — the covalent bonds in the layers noed loads of energy to break. 
4) Only throe out of each carbon's four outer electrons are used in bonds, no each carbon atom has эш 
electron that's deloculiged (free) and can move. бо graphite conducts electricity and 


Graphene is One Layer of Graphite 


: A 
Graphene is a shoot of carbon atoms joined together in hexagons. r Ad 2 z 
Tho choot а just ona atom thick, making it a two-dimensional compound. ре у” or 
The network of covalent bonds makes it very strong. W's also incredibly light, 
во can be added to composite materials to improve their strength without adding much weight. 
Like graphite, it contains delocalised electrons so can conduct electricity through the 
whole structure. This means it Һас the potential to be used in electronion. 


| Fullerenes Form Spheres and Tubes 


) Eullerenos are molecules of parbon, Buckminsterfullerene was the first fullerene 
shaped like closed tubes or hollow balls. to be discovered. It's got the molecular 
2) They're mainly made up of carbon atoms formula C,, and forms a hollow sphere. 


arranged in hexagons, but can also contain 

pentagons (rings of five carbon atoms) or heptagons (rings of seven carbon atoms). 
8) Fullerenes can be used to ‘cage’ other molecules. The fullerene structure forms around another 

atom or molecule, which is then trapped inside. This could be used to deliver a drug into the body. 


4) Fullerenes have a huge surface area, во they could help make great industrial catalysts — individual 
catalyst molecules could be attached to the fullerenes. Fullerenes also make great lubricants. 


Fullerenes can form nanotubes — tiny carbon culinders. 
The ratio between the length and the diameter of nanotubes is very high. 
Nanotubes can conduct both electricity and thermal energy (heat). 


They also have a high tensile strength (they don't break when they're stretched). 
Technology that uses very small particles such as nanotubes is called nanotechnology. Nanotubes can be 
used in electronics or to strengthen materials without adding much weight, such as in tennis racket frames. 


Greetings in the Caribbean — they’re ‘allo-tropical... 
Before you go on, make sure you can explain the properties of all these allotropes of carbon. 


QI Give three uses of fullerenes. [3 marks] 
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Metallic Bonding 


Ever wondered what makes metals tick? Well, either way, this is the page for you. 
Metallic Bonding Involves Delocalised Electrons | 


1) Metals also consist of a giant structure. 
2) The electrons in the outer shell of the metal atoms are delooalised (free to 
move around). There are strong forces of electrostatic attraction between 
the positive metal ions and the shared negative electrons. w 
3) These forces of attraction hold the atoms together in a regular structure 
and are known ав metallic bonding. Metallic bonding is very strong. 


OOOO Dele 


Pep 


T don't think here 
from round here. 


4) Substances that aro held logelhor by тено bonding include melallo slements and alloys (see below). 
Б) W'o the dolocaliged eloclrons in the metallio bonds which produce all the properties of metals. 


| Most Metals are Solid at Room Temperature | 
The electrostatic forces between the metal atoms and the delocalised 
sen of electrons are very nirong, si jd lots of energy fo be broken, 
This means that most compounds with metallic bonds 
have very high melting and boiling points, so they're 
generally solid at room temperature. 


| Metals are Good Conductors of Electricity and Heat | 


The delocalised electrons carry electrical current and thermal (heat) energy through 
the whole structure, so metals are good conductors of electricity and heat. 


| Most Metals are Malleable m 


The layers of atoms in a metal can slide over each other, making metals malleable 
= fe mené that they can be BANE OF ШЫЙ or glad ^io ШЫНЫН: eee 


Alloys are Harder Than Pure Metals | 


1) Pure metals often aren't quite right for certain jobs — they're often too soft 
when they're pure so are mixed with other metals to make them harder. 
Most of the metals we use everyday are alloys — a mixture of two or more metals 
or а metal and another element. Alloys are harder and so more useful than pure metals. 

2) Different elements have different sized atoms. So when another element is mixed with а 
pure metal, the new metal atoms will distort the layers of metal atoms, making it more 
diffioult for them Ко slide over each other. This makes alloys harder than pure metals. «> 


Isaw a metal on the bus once — he was the conductor... 
If your knowledge of metals is still feeling a bit delocalised, the questions below will help... 


QI Copper is a metallic element. Describe and explain what property of copper 
makes it suitable for using in electrical circuits. [2 marks] 


Q2 — Suggest why an alloy of copper, rather than pure copper, is used to make hinges for doors [1 mark] 
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States of Matter 


Better get your thinking hat on, as states of matter really... err.. matter, You'll need fo imagine the particles in 
а substance as little snooker balls. Sounds strange, but it's useful for explaining lote of stuff in chemistry. 


The Three States of Matter — Solid, Liquid and Gas | 


Materials come in three different forms — solid, liquid and gag. These are the three states of matter. 
Which state something is at a certain temperature (solid, liquid or gas) depends on how strong the forces of 
attraction aro betwoen the particles of the matorial. How strong the forces are depends on THREE THINGS: 
а) the material (the structure of the substance and the type of bonds holding the particles together), 
b) the temperature, 
©) the pressure. 
You can use а model called particle theory to explain how the particlos in a material 
behave in each of the three states of matter by considering each particle ав a small, solid, inelastic sphere. 
In solids, there are strong forces of attraction between particles, which holds. 
them close together in fixed positions to form a very regular lattico arrangement. 
The particles don't move from their position: 


0 all solids Көөр a definite shape 
and volume, and don't flow liko liquids, 


Tho particles vibrate about their positions — the hotter the solid becomes, 
tho mora they vibrate (onusing solide to expand slightly when heated). 


The рана 


In liquido, there's a wank foron of attraction between the particles. They're randomly 
Dee and {rae to move past each other, but thoy tond to stick closely together. 
feet Liquids f 2) Liquids have a definite volume but don't keep a definite shape, 


and will flow to fill the bottom of a container. 


Уз» Tho particles are constantly moving with random motion. The hotter the liquid gots, 
tho fastor they move. This causes liquids to expand slightly when heated. 
oc 1) In gases, the force of attraction between the particles is very weak — they're 


ы free to move and are far apart. The particles in gases travel in straight lines. 
Gases 2) Gases don't Көөр a definite shape or volume and will always fill any container. 
A ag 9) The particles move constantly with random motion. The hotter the gas gets, the 
© faster thoy move, Gases either expand when heated, or their pressure increases. 
Particle theory is a great model for explaining the three states of matter, but it isn't perfect, In reality, the 
particles aren't solid or inelastic und they aren't spheres — they're atoms, ions or molecules. Also, the 
model doesn't show the forces between the particles, so there's no way of knowing how strong they are. 


| State Symbols Tell You the State of a Substance in an Equation | 


You saw on page 15 how a chemical reaction can be shown using a word equation or symbol equation. 
‘Symbol equations can also include state symbols next to each substance — 


they tell you what physical state the reactants and products are in: 


lid (I) — liquid (g 


‘Aqueous’ means 
For example, aqueous hydrochloric acid reacts with solid calcium carbonate | ‘dissolved in water. 
to form aqueous calcium chloride, liquid water and carbon dioxide gas: 

оноу + СаСО, у as; CaCl uy de H0, * C0, 


Phew, what a page — particle-ularly gripping stuff... 
nees between solids, liquids and gases with just a 
The not-so-casy bit is learning it all 


1 think it's pretty clever the way you can explain all the diff 
page full of pink snooker balls. Anyway, that’s the casy 
QI — Substance A does not have a definite shape or volume. What state is it in? [1 mark] 
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Changing State | 


This page is like а game show. To start, everyone seems nice and solid, but turn up the heat and it all changes. 
Substances Can Change from One State to Another | 


Physical changes don't change the ра — just their arrangement or their energy. 
1) When a solid is heated, its particles 12) At the melting point, во many bonds 
gain more energy. 11551 have formed between the particles 
that they're held in place. Tho liquid 
2) This makes the particles vibrato becomes a solid. Thie ie EREEZING. 
more, which weakens the forces that 
hold the solid together. 1) There's not enough energy to overcome 
ў tho attraction between the particles, 
8) Ata certain temperature, called melting | | freezing во more bonds form between them. 
tho melting point the particles have 
‘enough energy to break free from their 10) When a liquid cools, the particles Һа 
positions. This is called MELTING and gy d [edidi E aa 
tho solid turne into a liquid. 
4) When a liquid is hoated, again the 9]; A fre оило DR bondi 
irticles got even more energy. N ен on nie un. 
Lad particles that the gas becomes a 
i. This is onl . 
5) This energy makes the particles move liquid. Thie в cated CONDENSINO. 
faster, which weakens and breaks the — boiling roe 
bonds holding the liquid together. ) Bonde form pi^ 3 tho particles, 
6) At a cortnin temperature, called 7) Ава gas cools, the parliclos 
the boiling point, the particles have по longer have 
enough energy fo break their bonds. to overcome tho forces of 
This is BOILING (or evaporating). attraction between them. 
Tho liquid becomes a gas. 


80, the amount of energy 
the forces between particles are. The stronger tho forces, the more energy іс needed to 
break them, and so the higher the melting and boiling points of the substance. 


You Have to be Able to Predict the State of a Substance | 


You might be asked to predict what state a substance is in at 

а certain temperature, If the temperature's below the melting 
point of substance, it'll be a solid. If i's above the boiling point, 
ill be а gas. If it’s in between the two points, then it's а liquid. 


Which of the molecular substances in the table is a liquid at room temperature (25 °C)? 
Oxygen and nitrogen have boiling points below 
25 °C, so will both be gases at room temperature. 


So the answer's bromine. It melts at —7 °C and boils 
at 59°C. So, itl be a liquid at room temperature. 


Some people are worth melting for. 
Make sure you can describe what happens to particles, und the forces between them, us a substance is 
heated and cooled. Then learn all the technical terms, and you'll sound like a states of matter pro. 
QI — Ethanol melts at 114 "C and boils at 78 "C. Predict the state that ethanol is in at 
а) -150*C. b) 0*C c) 25°С d) 100 °С [4 marks] 
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Nanoparticles 
Just time to squeeze in something really small before the end of the topic... 
| Nanoparticles Are Really Really Really Really Tiny | 


Particles are put into categories depending on their diameter. For example: 
Coarse particles (PM,,) have a diameter between Like | said — realy 
2500 nm (2.5 х 10° m) and 10 000 nm (1 x 10 m). They're also called dust, iovis 
Fine parlicles (PM, ,) have a diameter between 100 nm (1 х 10? m) and 2500 nm (2.5 х 10* т). 


have a diameter between 1 nm (1 X 10? m) and 100 nm (1 x 107 m). 
Those are particles that contain only a few hundred atoms. 


samallar than that 


00 00% 


the uses. 


| Nanoparticles Have a Large Surface Area to Volume Ratio | 
1) The surface area to volume ratio is an important factor ac it can affect the way that а particle behaves. 


surface area to volume ratio = surface area 


volume 
2) As particles decrease in size, the size of their surface area increases in p e 


relation to thoir volume, This causos the surface area to volume ratio to increase. e 
8) You can soo this happening by using two cubes ae an example: 


[EXAMPLE] Find the surface area to volume ratio for each of the cubes below. 


This cube has sides of length 100 nm. 

Each face has a surface area of 100 nm х 100 nm = 10000 nm? 

The cube has six faces, so the total surface area is 6 x 10 OOO nm = 60000 nm’ 

The volume of the cube is 1OO nm = 100 nm x 100 nm = 1000000 nm! 

The surface area to volume ratio = surface area + volume = 6O OOO + 1000000 = 0.06 nm” 


Naenpaides 


100 тт 


The drawings of 


em This cube has sides of length 1O nm. A you билим the side 


any cube by a aor 
Each face has a surface area of 10 nm x 10 nm = 100 nm? af tar, the rit area io 
The cube has six faces, зо the total surface area is 6 x 100 nm? = 6OO nm! кууу мылы 
The volume of the cube is 10 nm х 1O nm = 10 nm = 1000 nm’ 


The surface area to volume ratio = surface area + volume = 600 + 1000 = Об nm. 


= 
10 nm 


4) Nanoparticles have a very high surface area to volume ratio — this 
means the surface area is very large compared to the volume. 

5) This can cause the properties of a material to be different depending on whether 
nanoparticle or whether it's in bulk. For example, you'll often need less of a that's 
made up of nanoparticles to work effective catalyst compared to а material made 
up of ‘normal’ sized particles (containing billions of atoms rather than a few hundred). 


Nano nano nano nano nano nano nano nano — particles.. 
‘Nanoparticles are between ten and one hundred times larger than atoms and molecules. That's teer 
QI — Roughly what size are the particles studied in nanoscience? 


ny. 


[1 mark] 

Q2 а) The sides ofa cube are 50 nm long. Whats its surface to volume ratio? [3 marks] 
b) Predict how the surface to volume area would change if the 

size of the cube was increased so its sides had a length of 500 nm. [2 marks] 
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Uses of Nanoparticles 


‘What's the use of something во small that not even a gnat can see it?" | hear you cry. Well, as you're 
about 4o find out, scientists have developed some pretty swanky uses for nanoparticles. 


Nanoparticles Can Be Used in Lots of Things | 


Finding new ways to use nanoparticles it a really important area of scientific research. 
Here are some of the uses that have already been develop 
1) They have a huge surface aren to volume ratio, so they could help make new catalysts. 
2) Nanomedicine is a hot topic. The idea is that tiny particles (such as fullerenes 

from page 34) are absorbed more easily by the body than most particles 

This means they could deliver drugs right into the colla whore they're needed. 
3) Some nanoparticles conduct electricity, во they can be used 

in tiny eleotrio circulis for computer chips. 
4) Silver nanoparticles have antibacterial properties. They can be 
sided to polymer fibres that are then used to make 

ind wound dressings and they can also be added to deodorants. 
Naroperiche aro also being used in coumation. For oxamplo, they're _ 
used to improve moisturisers without making them really oily. 


The Effects of Nanoparticles on Health Aren't Fully Understood 


1) Although nanoparticles are useful, the way thoy affect the body isn't fully understood, во it's 
important that ang new products aro tostad thoroughly fo minimise the risks. 

2) Some people are worried that products containing nanoparticles have been made 
available bofore the effects on human health have been investigated properly, 
and that we don't know what the long-term impacts on health will be. 

3) Ав the long-term impacts aren't known, many people believe that products containing nanoscale 
particles should be clearly labelled, so that consumers can choose whether or not to use 


= Nanoparticles are being used in sun creams as they have been shown to be better than 
the materials in traditional sun creams at protecting skin from harmful UV rays. 


* They also give better skin coverage than traditional sun creams. 
* But it's not yot clear whether the nanoparticles can get into your 
body, and, if they do, whether they might damage cells. 


* It's also possible that when they are washed away they might damage the environment. 


Silver nanoparticles — to make jewellery for nanopeople... 

If you thought you'd only ever meet nanoparticles in GCSE Chemistry, then think again. They've got loads of uses 
ош there in the real world, so you'll be sure to hear more about them in the future. If you're still not sure what all 
the fuss is about, and why something so small might ever be any use, then have а go at the questions below 


QI — Give one potential application of nanoparticles that can conduct electricity. [1 mark] 


Q2 Nanoparticles may have applications in medicine 
State one risk of using nanoparticles in this way. [1 mark] 


Q3 Both silver nanoparticles and titanium dioxide nanoparticles can be used to form a transparent layer. 
Silver nanoparticles conduct heat, whereas titanium dioxide nanoparticles are thermal insulators. 
State which of the nanoparticles could be used for making ear windows that сап quickly be 
defrosted in winter. Explain your answer. [2 marks] 
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Revision Questions for Topic 2 


And that's the end of Topic 2 — well, nearly the end. You still need to... 
* зу these questions and tick off each one when you get it tight. 


* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Tons and Ionic Compounds (p.28-30) [ ] 
1) What type of ion do elements from each of the following groups form? 
в) Group 1 
b) Group 7 
2) Describe how an ionic bond forms. 
3) Sketch dot and cross diagrams to show the formation of: 
a) sodium chloride b) magnesium oxide с) magnesium chloride d) sodium oxide. 
4) Describe the structure of a crystal of sodium chloride. 
5) List the main properties of ionic compounds. 


Covalent Substances (p.31-34) 


6) Describe how covalent bonds form. 


7) Sketch dot and cross diagrams showing the bonding in а molecule of: 
а) hydrogen b) water о) hydrogen chloride 
8) Explain why simple molecular compounds typically have low melting and bolling points, 
9) Describe the structure of a polymer. 
10) Givo throe examples of giant covalent substances. 
11) Explain why graphite oan conduct electricity. 
12) Explain how fullerenes could bo used to deliver drugs into the body. 


Metallic Bonding (p.35) 
13) What is metallic bonding? 


14) List three properties of metals and explain how metallic structure causes each property. 


16) Explain why alloys are harder than pure metals. 
States of Matter (p.36-37) 
16) Name the three states of matter. 

17) What is the state symbol of an aqueous substance? 

18) What is the name of the temperature at which a liquid becomes a gas? 


19) How does the strength of the forces between particles influence the temperature 
at which a substance changes state? 


Nanoparticles and their Uses (p.38-39) 
20) What is nanoscience? 

21) Give three uses of nanoparticles. 

22) Explain why people may be wary of using products that contain nanoparticles. 
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Topic 3 — Quantitative Chemistry 4l 
Relative Formula Mass 


Calculating relative formula mass is straight forward enough, but things can get a bit more confusing when 
you start working out the percentage compositions of compounds. Best get cracking, | suppose... 


Compounds Have a Relative Formula Mass, M, | 


If you have a compound like MgCl, then it has a relative formula mass, M, which is just 
the relative atomic masses of all the atoms in the molecular formula added together. 


Find the relative formula mass of MgCl). vc mass (A) of ar 

1) Look up the relative atomic masses of all the elements in the compound on the = "emen Fom she pened = 
periodic table (In the exams, you might be given the A, you need in the question) ba 

А of Mg = 24 and the A, of CI = 355. E : 


2) Add up all the relative atomic masses of the atoms in the compound. 
Ма + (2 = Cl) = 24 + (2 = 355) = 95 So M, of MgCl, = 95 


There are tw chlorine atone in MACI, во the relative atomie mass of chlorine need to be multiplied by 2. 


You Can Calculate the % Mass of an Element іп a Compound | 
This is actually dead easy — so long as you've learnt this formula: 


element in a 


Find the percentage mass of sodium in sodium carbonate, Na,CO,. 
A of sodium = 23, А of carbon =12, A of oxygen = 16 
M, of NasCO, = (2 = 23) + 12 + (3 = 16) = 106 


Percentage mass of sodium = Amer of toms of that element „ 100 = 2052 «100 = 43% 


You might also come across more complicated questions where you need to work out the percentage mass. 


A mixture contains 20% iron ions by mass. What mass of iron chloride (FeCl) would 
you need to provide the iron ions іп 5O g of the mixture? A, of Fe = 56, A of Cl = 35.5. 

1) Find the mass of iron in the mixture. 

The mixture contains 20% iron by mass, so in 5O g there will be 5O к 22> = 10 g of iron. 

2) Calculate the percentage mass of iron in iron chloride. 

ra a = AI ME e антен. оо = gariras «100 = 4409-4 
3) Calculate the mass of iron chloride that contains 10 g of iron. 

Iron chloride contains 44.09% iron by mass, so there will be 10 g of iron in 10 + 4209-23 

So you need 23 g of iron chloride to provide the iron in 5O g of the mixture. 


Relative mass — when you go to church with your parents... 
The best way to get to grips with all this stuff is by practising, Start by having a go at these questions 
Qi culate the relative formula mass (М) of. a) HO — b) LOH сун,зо, [3 marks] 


Q2 — Calculate the percentage composition by mass of potassium in potassium hydroxide (KOH). — [2 marks] 
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The Mole 


Moles oan be pretty confusing. H'a probably the word that pute people off. It's difficult to see the relevance 
of the word "mole" Ко anything but а small burrowing animal. 


“The Mole” is Simply the Name Given to an Amount of a Substance | 


1) Just like "a million” is this many: 1 000 000; or "a billion" is this many: 1 000 000 000, 
во “the Avogadro constant" is this many: 802 000 000 000 000 000 000 000 or 6.02 x 10", 
And that's all it is. Just a number. 
2) One mole of any substance is just an amount of that substance that contains an 
particles — so 6.02 x 10° particles. The particles could be atoms, molecules, ions or electrons. 
8) The burning question, of course, is why is it such a silly long number like that, and with Ihe front? 
4) The answer is that the mass of that number of atoms or molecules of any 
substance is exactly the same number of grams as the relative atomic mass 
(А) or relative formula mass (M,) of the element or compound. 
In other words, one mole of atome or molecules of any cubstance will have à mass in grams equal to 
the relative formula mags (A, or M,) for that substance, Here are some examples: 


Carbon has an A, of 12. Зо one mole of carbon weighs exactly 12 g. 
Nitrogen gas, Ng, hao an M, of 28 (2 x 14). 8o one mole of N, weighs exactly 28 я. 
Carbon dioxide, CO,, has an M, of 44 (12 + [2 х 16]). 8o ona mole of CO, weighs exactly 44 р. 


6) This means that 12 g of carbon, or 28 g of Ny, or 44 р of COs, all contain tho game 
number of particles, namely one mole or 6.023 х 10°? atoms or molecules. 


Nice Formula to Find the Number of Moles in a Given Mass: | 


mass in ‘of an element or compound, 
Number of mole E: PES 


M, (of the element or compound) 


How many moles are there in 66 g of carbon dioxide (СО)? 

1) Calculate the M of carbon dioxide. M, of CO; = 12 + (16 х 2) = 44 

2) Use the formula above to find out No. of moles = Mass (д) + М, = 66 + 44 = 15 mol 
how many moles there are, Easy Peasy. 


You can rearrange the equation above using this handy formula rangle. You could 
use Н fo find the пш of a known number of moles of a substance, or to find the 
M, of a substance from a known mass and number of moles. Just cover up the 
thing you want fo find with your finger and write down what's left showing. 


What mass of carbon is there in 4 moles of carbon dioxide? 
There are 4 moles of carbon in 4 moles of СО, 
Cover up ‘mass in the formula triangle. That leaves you with no. of moles x My. 
So the mass of 4 moles of carbon = 4 х 12 = 48 g 


What do moles have for pudding? Jam moly-poly... 

Calculations involving moles can send some people into a spin. Don't be one of those people — there's 

really no need to freak out about moles. Go back over this page until you've got your head round it all 

QI — Calculate the number of moles in 90 g of water (H:O). 44O) = 16, A(H) = 1. [2 marks] 
Q2 Calculate the mass of 0.20 mol of potassium bromide (KBr). АДК) = 39, А (Вг) = 80. [2 marks] 
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Conservation of Mass 


You've probably realised by now that you can't magio stuff out of thin air, and you can't make it magically 
disappear, either. This fact is pretty useful for working out the amounts of substances in chemical reactions. 


Ina Chemical Reaction, Mass is Always Conserved 


1) During a chemical reaction no atoms nre destroyed and no atoms are created. 
2) This means there are the same number and types of atoms on each side of a reaction equation. 
3) Benn of this, no таво is lost or gained — we say that mass is conserved during a reaction. 


2li + Fa > QUF 
In this reaction, there are 2 lithium atoms and 2 fluorine atoms on each side of the equation. 


4) By adding up the relative 
formula masses of the 
substances on each sido of a. Show that mass is conserved in this reaction: 2Li + Fs > 2LiF 
1) Add up the relative formula masses on the left-hand side of the equation 
2 x MIL) + 2 x МДЕ) = (2 *7) + (2 « 19) = 14 + 38 = 52 
2). Add up the relative formula masses on the right-hand side of the equation 
2x МШЕ) = 2 x (7 + 19) = 2 x 26 = 52 
The total М, on the left hand side of the equation is equal 
to the total М, on the right hand side, зо mass is conserved, 


а 

you can see that mass is 

conserved. The total M, of all 

the reactants equals the total 
тоби 


уты equ 


If the Mass Seems to Change, There’s Usually a Gas Involved 
In some experiments, you might observe a change of mans of an unsealed reaction vessel during а reaction. 


There are usually two explanations for thie: 


Explanation 1: If the mass increases, it’s 

probably because one of the reactants io a 

gas that's found in air (e.g. oxygen) and all 

the products are solids, liquids or aqueous. 

* Before the reaction, the gas is floating 
around in the air. H's there, but it's 
not contained in the reaction vessel, 
so you can't аооош for ile mans. 

* When the gas reacts to form part of 
‘the product, it becomes contained 
inside the reaction vessel — so 
the fotal mass of the stuff inside 
the reaction vessel increases. 

For example, when a metal reacts 

with oxygen in an unsealed container, 

the mass of the container increases. 

The mass of the metal oxide produced 

‘equals the total mass of the metal and 

the oxygen that reacted from the air. 
metal, + oxygen — metal oxide, 


Leaving all the potatoes on your plate — that’s mash conservation. 


Explanation 2: If the mass decreacen, it's probably 
bocause one of the products is a gas and all 
the reactants are solids, liquids or aqueous. 
* Before the reaction, all the reactants aro 
contained in the reaction vessel. 
* Ifthe vessel isn't enclosed, then the gas can 
escape from the reaction vessel as it’s formed. 
W's no longer contained in the reaction vessel, во 
you can't account for its mass — the total mass 
of the stuff inside the reaction vessel decreases. 
For example, when a metal carbonate thermally 
decomposes to form a metal oxide and carbon dioxide 
the mass of the reaction vessel will decrease 
isn't sealed. But in reality, the mass of the 


gas, 
ин 


metal oxide and the carbon dioxide produced will equal 
the mass of the metal carbonate that decomposed. 
metal carbonate, > metal oxide, + carbon dioxide, 


Never, ever forget that, in a reaction, the total mass of reactants is the same as the total mass of products. 


QI — Using the balanced equation, show that mass is conserved in the following 
— NaSS0,,,, + 2H10, 


H,SO,,, + 2NaOH, 


AH) = 1,440) = 16, A,(Na) = 23, A(S)=32 [S marks] 
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The Mole and Equations 


This is the moment where the ‘number of moles = mass + M, equation from page 42 comes into it's own. 
You Can Use Moles to Calculate Masses in Reactions | 


Remember those balanced equations back on page 157 Well the big numbers 
in front of the chemical formulas of the reactants and products tell you 
of each substance takes part or is formed during the reaction. 
eae Ma, + НО у > Мб, + Hays 
In this reaction, Lmole of magnesium and 2 moles of hydrochloric acid react 
together to form Lmole of magnesium chloride and L mole of hydrogen gas. 


The in 


You Can Balance Equations Using Reacting Masse: | 


work out the balanced symbol equation for the reaction. Here are the steps you should take: 
1) Divide the mass of euch substance by ita relative formula mass to find the number of molos. 
2) Divide the number of moles of each substance by the smallest number of males in the reaction. 

aren't whole numbers, multiply all the numbers, 
that they all become whole numbers, 

4) Write the balanced symbol equation for the reaction by putting 

these numbers in front of the chemical formulas. 


Ema 81 g of zinc oxide (ZnO) reacts completely with 0.60 g of carbon to form 2.2 g of 
carbon dioxide and 6.5 g of zinc, Write a balanced symbol equation for this reaction, 


АХО) = 12, A(O) = 16, A(Zn) = 65. 
1) Work out M, for each of the substances in the reaction: 
ZnO: 65 + 16 = 81 c2 СО 12 + (2 к 16) = 44 Zn: 65 


2) Divide the mass of each substance by its M, to calculate how 
many moles of each substance reacted or were produced: 


ZnO: $} = оло mol с 960 - 0.050 mol 
co, 22 = 0050 mol Zn $$ = 010 
З) Divide by the smallest number of moles which is 0.050 Thee numbers өне the 
TE ote 8 ie naa d 
zoo (0195 = - each balance the 
reaction raton 


co, 2020 „10 Zn 1910-20 


4) The numbers are all whole numbers, so you can write out the balanced symbol equation straight away: 


2ZnO + C — СО, + 2Zn $2 


Where do moles live? Edinburrow... 
The calculations on this page have lots of steps, so the best way to learn how to do them is by practising, 
Luckily, there are some questions below to gel you started. Don't say I don't spoil you. Better get cracking... 


QU 84g of Ny reacts c neis vi Hos er FU S pedes 107 g of NE 


M. 8, МАН.) 1)-17 
Calculate how man zem of each substance reacted or was produced. [3 marks] 
b) Use your answer to part a) to write a balanced symbol equation for this reaction. [2 marks] 
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Limiting Reactants | 


Reactions don't go on forever — you need stuff in the reaction flack that can react. If one reactant gets 
completely used up in a reaction before the rest, then the reaction will siop. That reactant's called limiting. 


Reactions Stop When One Reactant is Used Up 


When some magnesium carbonate (MgCO,) is placed into a beaker of 

you can fell a reaction is taking place because you see lots of bubbles of gas being given off. 

After a while, the amount of fizzing slows down and the reaction eventually stops... 

1) The reaction stops when all of one of the reactants is used up. Any other reactants are in 
They're usually added in excess to make sure that tho other reactant is used up. 

2) The reactant that's used up in a reaction is called the limiting reactant 
(because it limits the amount of product that's formed). 

8) Tho amount of product formed is directly proportional to the amount of limiting reactant. For example, if 
{you halve the amount of limiting reactant the amount of product formed will also halve. If you double the 
‘amount of limiting reactant the amount of product will double (as long as it is still the limiting reactant). 

4) This is because if you add more reactant there will be more reactant particles 
to take part in the reaction, which means moro produot parliolos. 


The Amount of Product Depends on the Limiting Reactant 


You can calculate the mass of a produot formed in a reaction by using the 
mass of the limiting reactant and the balanced reaction equation. à 


1) Write out the balanced equation. zm 

2) Work out relative formula masses (M,) of the reactant and product you want. 

3) Find out how many moles there are of the substance you know the mase of. 

4) Use the balanced equation to work out how many moles there'll be of the other substance. 
In thie саво, that’s how many moles of product will be made of this many moles of reactant. 


5) Use the number of moles to calculate the mats. 


не this method ta © 


ENS Calculate the mass of aluminium oxide formed when 135 g of aluminium is burned in. 


1) Write out the balanced equation: АА +30, э 2АҺО, 
2) Calculate the relative formula masses Ak 27 AO, (2 27) + B = 16) =102 

1 Yeu don't have to find M, of 
З) Calculate the number of moles of aluminium in 135 gı Moles = MA = 333 = 5 You dor) ra in Mt of 
4) Look at the ratio of moles in the equation 4 moles of Al react to produce 2 moles of AIO, 

— half the number of moles are produced. 
estion asked 
iss areas EE So 5 moles of Al will react to produce 


eide formed, youd top hee 25 moles of АО, 
5) Calculate the mass of 25 moles of aluminium oxide: mass = moles х M, = 25 х 102 = 255 g 


The mass of product (in this case aluminium oxide) is called the yield of a reaction. 
Masses you calculate in this way are called theoretical yields. In practice you never get 
100% of the yield, so the amount of product you get will be less than you calculated. 


‘A Rush of Mud to the Head’ — my favourite album by Moldplay... 
I've said it before, I'l say it again — practice makes perfect. So before you get distracted by a cute picture of a 
kitten, or wander off to have a cup of tea, have a go at the question below. 
QI — The balanced equation for the reaction between chlorine and potassium bromide is 
Cl, + 2KBr —› Br, + 2КСІ 
Calculate the mass of potassium chloride produced when 23.8 g of potassium bromide 
reacts in an excess of chlorine. 4(K) = 39, 4,(Br) = 80, A (CI) = 35.5. [4 marks] 


Topic 3 — Quantitative Chemistry 


46 


Gases and Solutions 
Time to find out how to calculate amounts of gases from volumes and amounts of solutes from concentrations. 


One Mole of Any Gas Occupies 24 dm! at 20 °C 


At the came temperature and pressure, equal numbers of moles of any gas will occupy the same volume. 


At room temperature and pressure (r.p. = 20 °C and 1 atm) one mole of any gas occupies 24 dr". 
You can use this formula to find the volume of 
а known mass of any gas at r.t.p. ==} 


in dm. 


What's the volume of 319.5 g of chlorine at rtp? Volume = Mau *24+ 395 x24 =108 dm’ 


ing 


Volume of g 


You Can Calculate Volumes of Gases in Reactions 


For reactions between ganas, you can use the volume of one gas to find the volume of another. €» 


How much carbon dioxide is formed when ЗО dm? of oxygen 
reacts with carbon monoxide? 2CO,, + Oy, — 2СО 

1 mole of О, — 2 moles of CO, зо 1 volume of ©, = 2 volumes of CO, ui 

$030 dm! of O, — (2 «30 dm') = 60 dm’ of CO, 


Concentration is a Measure of How Crowded Things Are 


1) Lots of reactions in chemistry take place between substances that are dissolved 
in a solution. The amount of a substance (e.g. the mass or the number of 
moles) in a certain volume of a solution is called Ив concentration. 

2) The more solute (the substance that's dissolved) there is in a 
given volume, the more concentrated the solution. 

3) One way to measure the concentration of a solution is by calculating the mass of a 


Substance in а given volume of solution. The units will be units of mass/units of volume. 
Here's how to calculate the concentration of a solution in g/dm: 


mass of solute ЩЙ 4) You can calculate the mass of a 


solute in solution by rearranging this 
formula to: mass = cono. X volume. 


in gdm? volume of solvent ET 
5) Concentration can айо 

be given dm’ concentration = 

in mol/den volume of solvent 


cma 1) What's the concentration in g/dm? of a solution of sodium chloride 


where ЗО g of sodium chloride is dissolved in О2 dm? of water? 
concentration = 83 = 150 g/dm’ 
2) What's the concentration, in mol/dm?, of a solution with 2 moles of salt in 500 cm’? 
Convert the volume to dro" by dividing by 1000: 500 em? «1000 = O5 dm? 
Gain mat great * Now youve got the number of moles and the volume a 
at crearon in the right units, jut stick them in the formula Concentration = cis = 4 mol/dm? 


number of mol 


CGP Revision Guides — not from concentrate... 
It's pretty handy that any gas, yes I mean ANY gas, occupies the 


ime volume under the same conditions, 
QI Calculate the volume of 3.5 g of nitrogen (N,) gas at room temperature and pressure. [2 marks] 


Topic 3 — Quantitative Chemistry 


47 
Concentration Calculations | 


Ever found yourself wondering how fo find the concentration of a solution from the concentration of a different 
solution and a couple of volume values? No? Oh well, here's how to do it anyway. 


You Might Be Asked to Calculate the Concentration 


Titrations are experiments that let you find the volumes needed for two solutions to roaof together completely 
(see p.52). If you know the concentration of one of the solutions, you can use the volumes from th 
titration experiment, along with the reaction equation, to find the concentration of the other solution. 


| Find the Concentration in mol/dm' | 


You might remember the formula for working out the concentration 
of а substance in mol/dm from page 46, Well, hore it it in а =>» 
handy formula triangle. H'a dead useful in these caloulatione. 


А student started with 30.0 em? of sulfuric acid (H,SO,) of unknown concentration in a 
flask. She found that it took an average of 25.0 cm’ of ОЛОО mol/dm sodium hydroxide 
(NaOH) to neutralise the sulfuric acid, Find the concentration of the acid in mol/dm', 
The balanced symbol equation for the reaction is: 2NaOH + H,SO, — NaSO, + 2H,O. 
1) Work out how many moles of the “known” substance you have using the formula: no. of moles = cone х volume. 
0100 mol/dm' = (25,0 / 1000) dm’ = 0.00250 moles of NaOH 
2). Use the reaction equation to work out how many moles of the "unknown" stuff you mat have fad 
he equation, you can see that two moles of sodium hydroxide reacts with one mole of sulfuric aci. 
So 0.00250 moles of NaOH must have reacted with 0.00250 + 2 = 0.00125 moles of HSO, 


3) Work out the concentration of the "unknown" stuff Make sure the Don't round your answer 
Concentration = number of moles + volume ома, nt igh a the елі 
30. 


| Converting mol/dm' to g/dm’ | 
1) To find the concentration in g/dm”, start by finding the x еры 
concentration in mol/dm? using the steps above, ТОШ. 
2) Then, convert the concentration in mol/dm? to g/dm? using the equation mass = moles x M,. 


What's the concentration, in g/dm?, of the sulfuric acid solution in the example above? 
3) Work out the relative formula mass for the acid 
M(H,SO,) = (2 = 1) +32 + (4 x 16) = 98 
2) Convert the concentration in moles (that you've already worked out) 
into concentration in grams. So, in 1 dm’: 
Mass in grams = moles х relative formula mass = 0.041666.. х 98 = 408333. g 
So the concentration in g/dm? = 408 g/dm? 


Time to convert my concentration from cat videos to chemistry... 
These calculations look pretty But if you get enough practice, then the fear will evaporate and you can 
tackle them with a smile on your face and a spring in your step, Better get cracking. 

Qi A student found that 22.5 cm? of 0.150 mol/dm' potassium hydroxide (KOH) was needed to neutralise 


0 cm of nitric acid (HNO,). The balanced equation for the reaction is: HNO, + KOH — KNO, + Н,0 
Calculate the concentration of nitric acid in тоу" [3 marks] 
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Atom Economy 


H's important in industrial reactions that ав much of the reactants as possible get turned into useful products. 
This depends on the atom economy and the percentage yield (see next page) of the reaction. 


| “Atom Economy" — % of Reactants Forming Useful Products | 


1) Alot of reactions make more than one product. Some of them will be useful, but others will be waste. 
2) The atom economy (or atom utilisation) of a reaction tells you how much of the mass of the reactants is 
wasted when manufacturing a chemical and how much ends up as useful products. Learn the equation: 


atom 


3) 100% atom economy means that all the atome in the reactants have been turned into 
useful (desired) products. The higher the atom economy the ‘greener’ the process. 


EN Calculate the atom economy of the folloving reaction to produce hydrogen gas: 
CH,(g) + H,O(g) =» CO(g) + 3H,(g) 


3) Identify the desired product — that's the hydrogen gas 
2) Work out the М, of all the reactants: MICH) #12 + (4 * 1) #16 Mer 


MÍH,O) = (2 «1) +16 «18 
16 +18 = 34 
З) Work out the total M, of the desired product 3 « MAH) = 3 (2 «1)= 6 So in this reaction, ver 


4) Use the formula to calculate the atom economy: fj « 100 = 176% —— Pa means 


[ High Atom Economy is Better for Profits and the Environment 


1) Pretty obviously, if you're making lots of waste, that's а problem. 

2) Reactions with low atom economy use up recouroes very quickly. At the same time, they make 
lots of waste materials that have to be disposed of somehow. That tends to make these reactions 
unsustainable — the raw materials will run out and the waste has to go somewhere. 

3) For the came reasons, low atom economy reactions aren't usually profitable. Raw materials are 
often expensive to buy, and waste products сап be expensive to remove and dispose of responsibly. 
4) The best way around the problem is to find a use for the waste products rather than just throwing 
them away. There's often more than one way to make the product you want, so the trick is to 
‘come up with a reaction that gives useful "by-products" rather than useless ones. 
5) me reactions with the highest atom economy are the ones that only 
. Those reactions have an atom economy of 100%. 
er more producte there are, the lower the atom economy is likely to be. 

Atom economy isn't the only factor to be considered when choosing which reaction to use to make а 

certain product. Things such ав the yield (see next page), the rate of the reaction (see page 67) and 

the ium for reversible reactions (see page 72) also need to be thought about. 

A reaction with a low atom economy, that produces useful by-products, might also be used. 


Atom economy class — even less legroom than economy class... 


You might get asked about an unfamiliar industrial reaction in the exam. Don't panic — whatever example they 
give you, the same stuff applies, Have a go at the question below, and you'll see what I mean. 
QI The following two reactions, А and B, both produce NH: 


A. 2NH,CI+ в. N.+3H,— 2NH, 
AN) = 14, A(H) = 1, ACI 

a) Which reaction, is the higher atom economy answer. [1 mark] 
b) Calculate the atom economy for the production of NH, by reaction А. [5 marks] 
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Percentage Yield 


Percentage yield tells you about the overall success of an experiment. It compares what you think 
ou should get (theoretical yield) with what you get in practice (actual yield). 


Percentage Yield Compares Actual and Theoretical Yield 


The amount of product you get is known ав the yield. The more reactants you start with, the highor the 
actual yield will be — Ware pretty obvious. But the percentage yield doesn't depend on the amount of 
reactants you started with — it's a percentage. 
1) Percentage yield it given by the formula: ing 
mass of product actually made 
percentage yield 100 
22 maximum theoretical mass of product 


This is just the maximum theoretical yield.” It can be calculated from the balanced reaction equation (se 
2) Percentage yield is vous somewhere between O and 100%. 100% yield means. > 
that you got all the product you expected to get. 0% yield means that no 
reactants wore converted into product, ie. no product at all was mnde. 
8) Industrial processes should havo as high a percentage yield ne 
possible to reduce waste and reduce costs. 


ће mass of pre 


actually made wo 


Yields are Always Less Than 100% 
In real Ме, you never get a 100% yield. Some product or reactant always gots lost along the way — 
and that goes for big industrial processes as well av school lab experiments, How this happens depends 
оп what sort of reaction it ia and what apparatus In being used. Lots of things can go wrong, but three 
gommon problems 


are: 


| 1) Not All Reactants React to Make a Product | 
In reversible reactions (see page 72), the ee oan turn hack. 
into reactants, so the yield will never be 100%. 


For example, in the Haber process, at the samo fime as the reaction Na + GH, =+ 2NH, 
is taking place, the reverse reaction 2NH, => Np + ЗН, is also happening. 
This means the reaction N, + ЗН, —› 2NH, novar goos to completion (the reactants don't all get used up). 


| 2) There Might be Side Reactions 


The reactants sometimes react differently to how you expect. They might react with gases in the gir, or 
impurities in the reaction mixture, so they end up forming extra products other than the ones you want. 


3) You Lose Some Product When You Separate It From the Reaction Mixture 


When you filter a liquid to remove solid particles, you nearly always lose a bit of liquid or a bit of solid. 
* M you want to keep the liquid, you'll lose the bit that remains with 

the solid and filter paper (ав they always stay a bit wel). 
+ Ifyou want to keep the solid, some of ill get left behind when you scrape it off the filter paper. 
You'll also lose a bit of material when you transfer it from one container to another — even if you 
manage not to spill it. Some of it always gete left behind on the inside surface of the old container. 


A yield of 100% in a reaction is pretty much impossible... 
but 100% in an exam is not. You just need luck on your side and to have learned your stuff really well 


Qi A student carries out the following reaction: Zn + 2ИСІ — ZnCl, + H,. She calculates that her maximum. 
theoretical yield of zinc chloride is 2.72 g. The actual yield after purification is 2.31 g. 
Calculate the percentage yield of zinc chloride. [1 mark] 
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Revision Questions for Topic 3 


That's almost Н for Topic 3 — but before you go there are some questions to test how much you really know. 


* Try these questions and dick off each one when you gel it tight. 


* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Moles and Equations (p.41-45) 

1) How do you calculate the relative formula mass, M, of a substance? 

2) State the value of the Avogadro constant. 

9) Whi 

4) What doos conservation of mass mean? 

5) Suggest why the mass of a reaction vossol might decrease during n reaction. 

6) How can you determine the number of moles of each substance that would 
reaot together from the balanced reaction equation? 

7) Explain what is meant by the term ‘limiting reactant’, 


Volumes of Gases and Concentrations of Solutions (p.46-47) [ ] 

8) What volume doon one mole of any gas occupy at room temperaturo and pressure’? 
9) State tho values of room temperature and pressure, 

10) What is concentration? 

1) Give the equation for working out the concentration of a solution in g/dm, 

12) Give the equation for working out the concentration of a solution in mol/dm?.. 

18) Desoribe how you would convert a concentration in mol/dm" to g/dm?. 

Atom Economy and Percentage Yield (p.48-49) 
14) Give the equation for calculating the atom economy of a reaction, 

15) Give three reasons why it's better to use reactions that have a high atom economy. 
16) What's the atom economy of a reaction that only produces one product? 

17) What information do you need to find the theoretical yield of a reaction? 

18) Give the equation for calculating the percentage yield of a reaction, 

19) Give two reasons why it's better to use reactions with high percentage yields. 

20) Give three reasons why percentage yield is always less than 100%. 
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the formula that relates the number of moles of a substance to its mass and M,? 


pocoo оооооо оо oooO 
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Acids and Bases 


Testing the pH of a solution means using an indicator — and that means pretty colours... 


The pH Scale Goes From 0 to 14 


1) The pH scale is a measure of how acidic or alkaline a solution is. 
2) The lower the pH of a solution, the more acidio Н is. 
The higher the pH of a solution, the more alkaline it is. 


9) А neutral substance (e.g. pure water) has pH 7. 
plo t 2 3 4 5 6 7 $8 S9 10 fl 12 13 14 


You Can Measure the pH of a Solution 

1) An indicator is a dye that changes colour depending on whether it's nbove or below a certain pH. 
Some indicators contain a mixture of dues that means they gradually change colour over a 
broad range of pH. These are called wide range indicators and they're useful for salimaling the 
pH of a solution. For example, universal indicator given the colours shown above. 

2) A pH probe attached to a pH moter can also be used to measure pH alectronically. TY 
The probe is placed in tho solution you are measuring and the pH is given on a 
digital display as а numerical value, meaning it's more accurate than an indicator, 


Acids and Bases Neutralise Each Other | 
1) An acid is a substance that forms aqueous solutions with a pH of less than 7. 
Acids form Н> ions in water. 
2) A base is a substance with a pH greator than 7. 
3) An alkali is a base that dissolves in water to form a solution 
with а pH greater than 7. Alkalis form OH” ions in water. 
The reaction between acids and basos is called neutralisation: 


d + bai It 
Neutralisation between acids and alkalis can be seen 


ac 


When an acid neutralises a base (or vice versa), the products are neutral, 
An indicator can be used to show that а neutralisation reaction is over. 


Neutralisation reactions of strong acids and alkalis can be used to calculate the concentration of an acid or 
alkali by titration — there is more about this technique on the next page. 


This page should have all bases covered... 
phew, you finished the page... This stuff isn’t too bad really, and pH is worth knowing about — it's important to 
the chemistry in our bodies. For example, here's an interesting(ish) fact — your skin is slightly acidic (pH 5.5). 


QI — A student uses universal indicator to test the pH of some lemon juice. 
‘What colour would you expect the indicator to tur 


[1 mark] 


Q2 — The pH of an unknown solution is found to be 8. Is the solution acidic or alkaline? [1 mark] 
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Tifrations are a method of analysing the concentrations of solutions. They're pretty important. Some people 
don't think they're the most exciting game in town. But | secretly enjoy them, now I've got the hang of them. 


| Titrations are Used to Find Out Concentrations | 


Tilrations allow you to find out exactly how much acid is needed to neutralise 
a quantity of alkali — or vice versa. You can then use this data to work out = адну аса 2 
the concentration of the acid or alkali (see page 47). For example: ООУ 
1) Say you want to find out the concentration of some alkali. 
Using а pipette and pipette filer, add a set volume of the alkali to a 
conical flask. Add two or three drops of indicator too. 
2) Use а funnel to fil а burette with 
‘some acid of known concentration. 
Make sure you do this 
— you don't want to be looking up if 
some acid spille over. (You should 
wear safely glasses 100.) Record the 
initio! volume of the acid in the burett 
3) Using the burette, add the acid to the alkali a bit at a time — 
giving the conical flack a regular gwirl. Oo especially slowly when || 
you think the end-point (colour change) is about to be reached, 
The indicator changes colour when all the alkali 
has been neutralised, e.g. phenolphthalein is pink 
in alkaline conditions, but colourless іп goklig conditions. 
5) Record the final volume of acid in the burette, and use it, along with the initial 
reading, to caloulate the volume of acid used to neutralise the alkali. 
* То inorease the aoouracy of your titration and to spot any 
anomalous results, you need geveral consistent readings. HE 
* The first titration you do should be a rough titration to get an (see page 6) 
approximate idea of where the solution changes colour (the end-point). ш 
* You then need to гөреш! the whole thing a few times, making oure you 
get (pretty much) the same answer each fime (within 0.10 em). 
* Finally, calculate а mean of your results, ignoring any anomalous results. 


Use Single Indicators for Titrations | 


T) Universal indicator is used fo estimate the pH ofa PO t 2 за 5 в 7 6 o io onoz 
solution because if can turn a "A 
Each colour indicates a narrow range of pH iis. — ا‎ 
2) W's made from a mixture of different indicators. The colour gradually 
changes from red in acidic solutions to violet in alkaline solutions. 


8) But during a titration between an alkali and an acid, you " 
want to see a sudden colour change, at the end-point. litmus methyl orange phenolphthalein 


Де) he) je») 
4) Во you need to use a single indicator, such as litmus А A \ 
(blue in alkalis and red in acids), phenolphthalein AY Y 
{pink in alkalis and colourless in acide), or methyl acid I3 acid alkali acid alkali 
orange (yellow in alkalis and red in acids). 
How do you get lean molecules? Feed them tight rations... 
Titrations aren't too tricky really — you just need to be as sure as you can be that your results are accurate, 
which means going slowly near the end-point and then repeating the whole process. 
QI How do you determine when the end-point of a titration has been reached? [I mark] 
Q2 Give two reasons why you should repeat a titration until you have consistent readings. [2 marks] 


” 
the level down to the bne, 


side show the vo 
of aid и 


4) 


AALS 
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Strong Acids and Weak Acids | 


1 like strong acids, and I also like weak acide. But which is better? There's only one way to find out... 


Acids Produce Protons in Water 


The thing about acids is that they ionise in aqueous solution — they produce hydrogen ions, H*. 
For example: 


These acids do 


Acids Can be Strong or Weak | 


1) Strong acids (e.g. sulfuric, hydrochloric and nitric acids) ionise completely in water. 
All acid particles dissociate to release H* ions. 
2) Weak acids (e.g. ethanoio, citric and carbonio acids) do not fully ionise in solution. 
Only а small proportion of acid particles dissociate to release H* ions. uim, 
3) The ionisation of a weak acid is a reversible reaction, which sets up an equilibrium 
between the undissooiated and dissociated acid. 
Since only a few of the acid particles roloaso H* 
ione, the position of equilibrium lies well fo the left. | Weak acid: CH,COOH ==> 
Reactions of acids involve the H* ions reacting with 
other substances. If the concentration of H* ions is higher, the rate of reaction will be 
faster, so girong noids will be more reaotive than wank acids of the same concentration. 


pH is a Measure of the Concentration of Hydrogen Ions | 


1) The pH of an acid or alkali le a measure of the concentration of H* lone in the solution. 
2) For every иргеде of 1 on the pH scale, the concentration of H* lone inoranses by a factor of 10. 
o, an acid that has a pH of 4 has 10 times the concentration of H* ions of an acid that has a pH of Б. 
For a deorecee of 2 on the pH cole, the concentration of Н" lone inoreasos by а factor of 100. 
Tha gion vale fog ta te X is the difference in pH. 


4) 


actor H* ion concentration 10: So if pH falls from 7 to 4 the 

difference is —3, and the factor 
8) So the pH of a strong avid is always loos than the pH the H' ion concentration has 
of a weaker acid if they have the same concentration. increased by is 10° = 10! 


Don't Confuse Strong Acids with Concentrated Acids | 


1) Acid strength (i.e. strong or weak) telle you what proportion of the acid molecules ionise in water. 

2) The concentration of an acid is different. Concentration measures. 
how much acid there is in a certain volume of water. 
Concentration is basically how watered down your avid is. 

З) The larger the amount of acid there is in a certain volume inge ey 
of liquid, the more concentrated the acid is. inet 

4) So you can have a dilute (not very concentrated) but strong acid, or a scons ut we acid. 

5) pH will decrease with increasing acid concentration regardless of whether it's a strong or weak acid. 


Weak acid or strong acid? I know which goes better with chips... 
Acids are acidic because of H ions. And strong acids are strong because they let go of all their H ions at the drop 
ofa hat... Well, at the drop of a drop of water. 

QI — Name a strong acid. [1 mark] 


Q2 A student added strong acid to a weakly acidic solution of pH 6. The pH of the new solution. 
was found to be pH 3. By how many times did the concentration of H' increase? [1 mark] 
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|. Reactions of Aci 


T 


ڪڪ 
ls‏ 
Remember neutralisation from page 51? Well, there's more stuff on neutralisation reactions coming up...‏ 


| Metal Oxides and Metal Hydroxides are Bases | 


1) Some metal oxides and metal hydroxides dissolve in water. These soluble compounds are alkalis. 
As you saw on page Б1, alkalis react with acids in neutralisation reactions. 
2) Even bases that won't dissolve in water will still take part in neutralisation reactions with acids. 


3) So, all metal oxides and metal hydroxides react with poids to form a salt and water. 
Acid + Metal Oxide — Salt + Water @ Acid + Metal Hydroxide — Salt + Water 


The salt that's produced depends upon the acid and the metal ion in the oxide or hydroxide: 


hydrochloric acid + copper oxido = copper chloride + wator 

оно + Cuo CuCl, + HO 
sulfuric acid + potassium hydroxide potassium sulfato + 
1,80, + окон " + 
nilrio acid + sodium hydroxide sodium nitrate + 
HNO, + NaOH NaNO, + 


negative i 


| Acids and Metal Carbonates Produce Carbon Dioxide | 
Metal carbonates aro also bases. They roact with acids to produce а salt, water and carbon dioxide. 


pound is педи 


hydrochloric acid + sodium carbonate 5> sodium chloride + water + carbon dioxide 
Л + Na00, ^ Т] + WO + 00, 
sulfuric acid + calcium carbonate — — calcium sulfate + water + carbon dioxide 
M90, + сабо, E сово, + MO + со, 
| You сап Make Soluble Salts Using an Insoluble Base Съмепекг) 
1) You need to pick the right acid and insoluble base, such as an ide, 
hydroxide or carbonate. E.g. if you want to make copper chloride, you could mix ryt 


2 You could ako react = 


hydrochloric acid and copper oxide. оу + 2HCI fp CUCL, jy) + 0) > 


2) Gently warm the dilute acid using a Bunsen burner, then turn off the Bunsen burner. 

3) Add the insoluble base to the acid a bit at a fime, until no more reacts (i.e. the base 
is in excess). You'll know when all the acid has been neutralised because, ^» 
even after stirring, tho excess solid will just sink to the bottom of the flack. } 

4) Then filler out the excess solid to get the salt solution (see p.17). 

5) To get pure, solid crystals of the salt, gently heat the solution using a water bath — СЕИ 
or an electric heater to evaporate some of ће water (to make it more concentrated) 
and then stop heating it and leave the solution to cool. Crystals of the salt should form, AÀ 
which can be filtered out of the solution and then dried. This is called crystallisation (p.17). 


AHHHHH so many reactions. 
In the exam you could get asked to describe how you would go about making a pure, dry sample 
ofa given soluble salt. Make sure you understand the method and what reactants to use. 
Qi Calcium carbonate is added to hydrochloric acid. 
Write a word equation for the reaction that occurs. [2 marks] 
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The Reactivity Series 


You can place metals in order of reactivity. This can be a lot more useful than it sounds, promise. 


Е “The reactivity series Tiste metale in s order of their 
reactivity towards other substances. 

2) For metals, their reactivity is determined by how easily 
they lose electrons — forming positive ione. The higher 
up the reactivity series a metal is, the more easily they 
form positive iong. Make sure you learn this list: => Magnesium 


3) When metals react with water or acid, they loge electrons Carbon 
and form positive ions. бо, the higher a metal is in the е 
reactivity series, the more easily it reacts with water or acid, "n 
4) If you compare the relative reactivity of different metals eae Н но very Reactive 


with either an acid or water and put them in order from 
most reactive to the least reactive, the order you get ie the reactivity series. 


How Metals React With Acids Tells You About Their Reactivity 
Some metal roact with acide to 
Кобра ый nc Padi aM + Hudrogei 
1) Tho speed of reaction ie indicatod by the rate at which the bubbles of hydrogen aro given off. 


2) The more reactive the metal, the faster the reaction will go. Very reuctive metals like potassium, 
sodium, lithium and oaloium гово! explosively, but leas reactive metals such в magnesium, 
zinc and iron react less violently. In general, copper won't react with cold, dilute acids. 


W yoy heat them up. 


Dilute produces loads of bubbles "Dilute | 
Acid |i 7 | Ae Acid 


Iron 
, * 2HC, =» Мас, + Hy wi + Hog Fey * 2нс 4 FeCl 
Mau * НО > MgSOqag * Н анх Ше? 


З) You can also investigate the reactivity of metals by measuring the temperature change of the reaction 
with an acid or water over a set time period. If you use the same mass and surface area of metal 
each time, then the more reactive the metal, the greater the temperature change should be. 


Metals Also React with Water 
The reactions of metals with water also show the reactivity of metals. 


For example, calcium: [Caw + 2H0, = Ca(OH) zo) + Haw 


1) The metals potassium, sodium, lithium and calcium will all react with water. 
2) Less reactive metals like zinc. iron and copper won't react with water. 


IAM NOT HIGHLY REACTIVE — OK... 


See, experiments aren't just for fun — they can give you a thrilling insight into the relative reactivities of elements. 
QI Give the balanced equation, including state symbols, for the reaction of sodium and water. [3 marks] 
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Separating Metals From Metal Oxides 


Most metals are not found in the earth as pure lumps. Instead, you have to sxiract them from а 
compound meaning more work is required. Thanks for nothing nature... 


| Metals Often Have to be Separated from their Oxides | 


1) Lots of common metals, like iron and aluminium, react with oxygen to form oxides. This process is an 
example of oxidation. These oxides are often the ores that the metals need to be extracted from. 


2) A reaction that separates a metal from Ив oxide is called a reduotion reaction. iens 


Аа ore i a type of rch © 
FORMATION OF METAL ORE: EXTRACTION OF METAL: В né 
Oxidation = Gain of Oxygen Reduction = Loss of Oxygen 
E.g. magnesium is oxidised to E.g. oppor oxide is 
make magnesium oxide. reduced to copper. 
2Mg + 0, + 2MgO 2Cu0 +C — 20и + CO, 


Some Metals can be Extracted by Reduction with Carbon | 
1) Some metals can be extracted from their ores chemically by reduction using garbon. 
2) In this reaction, the ore is reduced as oxygen is removed from it, 
‘and carbon gains oxygen во Іо oxidised. For example... 
2Fe0, + 30 > 4Fe + ЗОО, 
iron(Ill) oxide + carbon —› оп + carbon dioxide 


8) The position of the metal in the roaotivity series determines 
whether it can be extracted by reduction with carbon. 


ETS 


* Metals higher than carbon in the reactivity 


series have to be extracted using electrolysis Potas More 

(p.58), which is expensive, Б Sodium Reactive 
* Metals below carbon in the reactivity series Lithium 

сап be extracted by reduction using carbon. c 

For example, iron oxide is reduced in a 

blast furnace to make iron. 


* This is because carbon oan only take the 
oxygen away from metals which are less 
reactive than carbon itself is. 


Make sure you can exp 


Some metals are so unreactive they are in the earth as the metal itself. 
For example, gold is mined as its elemental form, 


Are you going to revise this page, ore what? 
Metals are great aren't they? Loads of uses. Shame extracting them's not always cheap. Make sure you know the 
difference between reduction and oxidation and why carbon can be used to extract some metals but not others. 


QI — Write a balanced equation for the reduction of zinc oxide, ZnO, by carbon, C. 2 marks] 
Q2 A mining company tried to extract calcium from its ore by reduction with carbon 
"The process did not work. Explain why. [1 mark] 
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Redox Reactions 


In chemistry, oxidation doesn't just mean gain of oxygen. No, that would be far too easy. 


If Electrons are Transferred, It’s a Redox Reaction | 


1) Oxidation can mean the addition of oxygen (or a reaction with it), and reduction can be 
the removal of oxygen, but on this page we're looking at oxidation and reduction in terms of electrons. 


2) A loss of electrons is called oxidation. A gain of electrons is called reduction. A handy way 
to remember this is by the mnemonic OIL RIO — Oxidation Is Loss, Reduction Is Gain, 


8) REDuction and Oxidation happen at the same time — hence the term "REDOX". 
* Iron atoms are oxidised to Ро? ions when they react with dilute acid: Fe + 2H*~» Fe?* + Hy 


If you put o reactive metal into the solution of a 
dissolved metal compound, the reactive metal will replace the less. 
reactive metal in the compound (see the reaotivity series on p.55). 


f you put iron in a solution of copper sulfate (Cu80,) the more reactive iron will ‘kick out the 
lose reactive copper from the solution. Y. Ih iron sulfate solution (Fe80,) and poppar metal. 


In this reaction the iron loses 2 electrons to become a 2+ lon — i 


3) In displacement reactions, it’s always the metal ion that gaine electrons and is 
reduced. The metal atom always loses electrons and is oxidised. 

4) In the exam you could bo asked to write word or symbol equations 
to show displacement reactions. 


Ionic Equations Show Just 


7 m 
and the produote they form are shown. For exemple: Let E Zn pg > MET au E toy 


2) This just shows the displacement of zinc ions by magnesium metal. 
Here's what the full equation of the above reaction would be if you'd started off with zino chloride: 


Mgs + 2101, > МЕС + 2 


3) M you write out the equations so you сап see = 
er M see that the chloride ions (Mu + 20 wy + 20F ay > MB uy + 20F ay Zn 


all the ions, 
don't change in the reaction — they're spectator ions. They're of no interest here so can be crossed out. 


4) Instead, the ionio equation for this displacement reaction just concentrates 
‘on the substances which are oxidised or reduced. 


REDOX — great for bubble baths. Oh no, wait 


Ionic equations are hugely important in chemistry. Beller practice until you can do them in your sleep. 

QI Тһе equation for the reaction of zine and iron sulfate is: Zn + FESO...) ZnSO,.., + Fe, 
a) Write an ionic equation for the reaction. [1 mark] 
b) State which species is being reduced and which is being oxidised, [2 marks] 
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Electrolysis | 


Electrolysis uses an electrical curent to cause a reaction. Is actually pretty cool. No, really. 


| ‘Electrolysis Means ‘Splitting Up with Electricity’ 
1) During electrolysis, an electric current is passed through an electrolyte (а molten or dissolved ionic 
compound). The ions move towards the electrodes, where they react, and the compound decomposes- 
2) The positive ions in the electrolyte will move towards the Fascha tite 
cathode (-ve electrode) and gain electrons (they are reduced). 
8) The negative ions in the electrolyte will move towards the 
anode (+уе electrode) and loge electrons (they are oxidised). ' 
4) This creates a flow of charge through the electrolyte as lone travel to the electrodes. 
5) As ions gain or lose electrons, they form the uncharged element and are discharged from the electrolyte. 


Electrolysis of Molten Ionic Solids Forms Elements 

1) Ап ionic solid can't be electrolysed because 
‘the ions are in fixed positions and can't move. 

2) Molten ionic compounds can be 

8) Molten ionic liquids, e.g. lead bromide, are always broken up into their elements. 

4) Positive matal ions are reduced to the elemont at the cathode: — [P 2€ ] 


5) Negative non-matal ione are oxidised to tho element at the anode: — 9 [28r Br, + 20" | 
| Metals can be Extracted From Their Ores Using Electrolysis. 


Ifa motal ie {оо reactive to bo reduced with carbon (page 66) or reacts with carbon, then eleotrolyiis 
сап be used to extract it. Extracting metals via this method is very expensive as lots of energy is 
required to molt the ore and produce the required ourrent. 
1) Aluminium is extracted from the ore bauxite by electrolysis. Bauxite contains aluminium oxide, ALO, 
2) Aluminium oxide has a vary high melting temperature Р 

so it's mixed with oryolite to lower the melting point. 
3) The molten mixture contains free ions — so it'll conduct electricity. 
4) The positive Al’ ions are attracted to the negative electrode where th 

and turn into neutral aluminium atomo. These then sink to the bottom of the electrolysis tank. 
5) The negative O* ions are attracted to the positive electrode where they each lose two electrons. 

The neutral oxygen atome will then combine to form O, molecules. 

КЕ 


At the negative electrode: 


Reduction — э gam of electron порам ү=== + ^ 


At the positive electrode: 


э — a loss of electrons 


at the Ошо s produced at the‏ تن i‏ جاع 
Е The anode is made of carbon and‏ 
Oval Equation: oxen ЕКСЕ‏ 


carbon dio 


Faster shopping at the supermarket — use Electrolleys... 
It might be jolly useful for your exams to learn the products of electrolysis of molten lead bromide. 


QI А student carries out electrolysis on molten sodium chloride. What is produced at: 
а) the anode? b) the cathode? [2 marks] 


Topic 4 — Chemical Changes 


59 


Electrolysis of Aqueous Solutions | 


When you electrolyse an aqueous solution, you also have to factor in the ions in the water. 


It May be Easier to Discharge Ions from Water than the Solute | 


1) In aqueous solutions, ав well as the ions from the ionic compound, there will be 
hudrogen ions (H*) and hydroxide ione (ОН) from the water: HO, = H* + OH 
2) At the cathode, if Н" ions and metal ions are present, hydrogen gas will be produced 
if the metal ions form an elemental metal that is more reactive than hydrogen 
(e.g. sodium ions). If the metal ions form an elemental metal that is less reactive than 
hydrogen (e.g. copper ions), a solid layer of the pure metal will be produced instead. 
8) At the anode, if OH- and halide lone (CI, Br”, 1°) aro present, molecules 
of chlorine, bromine or iodine will be formed. If no halide ions are present, 
then the OH- ions are discharged and oxygen will bo formed. 
A solution of copper(I!) sulfate (Cu80,) contains. ИШИ; 
four different long: Cu**, 80,2, H* and OH". Go) 
* Copper metal is less reactive than hydrogen. бо at the 
оодо, copper metal is produced and coats the electrode, 
Cut? + Qe — Cu 
* There aren't any halide long present. бо at th 
‘and water are produced. The oxygen o 
40H- 4 O, + 2H,0 + 407 


4 rower snr, A olution of sodium chloride (ea contains 
0} four different ion: Ма”, OF, OH- and Н". 
* odium metal is more reaolive hydrogen. 
So at the cathode, hydrogen gas is produced. = 
2н! + 2o — Hy 
* Chloride ions are present in the solution. 
80 at the anode chlorine gas is produced. 


: 20l- 5 Cl, + 20" l 
You can set up an electrolysis experiment in the [nb like the set-up on page 109. [eraco ] 
Once the experiment is finished you can test any gaseous products to work out what was produe 


* Chlorine bleaches damp Hous papat, timig tuin, ОЛЕИН 
* Hydrogen makes а "адал wi а lighted splint. = gases turn bo page BÊ = 
* Oxygen will relight a glowing splint. БЫ 


The Half Equations — Make Sure the Electrons Balance | 


Half equations show the reactions at the electrodes. The important thing fo remember when 
you're combining half equations is that the number of electrons needs to be the same for each 
half equation. For the electrolysis of aqueous sodium chloride the half equations are: 
Negative Electrode: 2H* + 20 > Н gw 
Positive Electrode: 2Ct — Cl, + 2e or 2CF — 2e — Cl 
These combine to form the ionic equation: 2H* + 2Cr — Н, + CL 
When а halide isn't present in the aqueous solution, the half equation for the anode is: ^ 
40H-— 0, + 2H,0 + 4e or 40H - 4e — 0, + 2H,0 


I wrote a poem about my tabby — it was a cat ode... 
So it's kinda confusing this electrolysis malarkey — you need to take it slow and make sure you get it. 


QI — An aqueous solution of copper chloride, CuCl, is electrolysed using inert electrodes. 
Give the half equations for the anode and the cathode. [2 marks] 
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Another topic finished. Time to test your knowledge of chemical changes... 
* Try these questions and fick off each one when you get it right. 
* When you've done all the questions under a heading and are completely happy with it, tik it off. 


Acids and their Reactions (p.51-54) [ ] 
1) State whether the following pH values are acidic, alkaline or neutral, 
0)9 b)2 c7 d)6 
2) Give the general word equation for the reaction between an acid and a base. 
8) What type of reagent could be used to show that an acid or base has been completely neutralised? 
4) Describe the steps involved in carrying out a titration, 
5) Why should you first carry out a rough titration when carrying out a titration experiment? 
6) Why shouldn't you use Universal indicator ав an indicator in a titration? 


7) Name two suitable indicators for a titration between an acid and an alkali, 
and state their colours when in acidic and alkaline solution. 
8) What is a strong acid? 
9) By what factor dooa the H* concentration inorense for a decrease of 1 on the pH «calo? 
10) Explain the difference between a strong acid and a concentrated one. 
1) Write a balanced equation for the reaction between hydrochloric acid and sodium carbonate, 


The Reactivity Series (p. 55) [ ] 
12) Is zine more or less reactive than iron? 
18) What is the general word equation for the reaction of a metal with an acid? 
14) Give the balanced equation for the reaction of calcium with water. 
15) Will copper reaot with water? 
Reduction and Oxidation (p.56-57) [ ] 
16) What product forms in the oxidation of magnesium by oxygen? 
17) Explain how you decide whether a metal can be extracted from Ив oxide by reduction with carbon. 
18) Why is gold found as itself in the earth? 
19) In terms of electrons, give the definition of oxidation. 
20) In a displacement reaction, does the metal atom get reduced or oxidised? 
Electrolysis (p.58-59) 
21) During electrolysis, which electrode are the positive ions attracted to? 
22) Why can ionic solids not undergo electrolysis? 
23) Do ions get reduced or oxidised at the anode? 
24) During the manufacture of aluminium from bauxite, which electrode is aluminium formed at? 
25) In what situation will hydrogen gas be given out during 

the electrolysis of an aqueous solution of an ionic solid? 
26) If halide ions are present in an aqueous solution of an ionic solid will oxygen gas be released? 


27) What test could you use to determine if hydrogen gas has been produced in an electrolysis reaction? [ ] 
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Whenever chemical reactions occur, there are changes in energy. This means that when chemicals got 
together, things either hot up or cool right off. I'l give you a heads up — this page is a good ‘un. 


Energy is Moved Around in Chemical Reactions 


1) Chemicals store a certain amount of energy — and different chemicals store different amounts. 
2) If the products of a reaction store more energy than the original reactants, then they must have taken in 
the difference in energy between the products and reactants from the surroundings during the reaction, 
8) But if they store less, then the excess energy was transferred fo the surroundings during the reaction. 
4) The overall amount of energy doesn't change. This is because energy в 
conserved in reactions — Н can't be created or destroyed, only 
This means the amount of energy in the universe always stays the same. 


In an Exothermic Reaction, Heat is Given Out 


1) An EXOTHERMIC reaction is one which transfers energy to the surroundings. — 
usually by heating. This is shown by а rige in temperature, 

2) The best example of an exothermic reaction io burning fuels — aloo called 
COMBUSTION. This givos out a lot of energy — it's very exothermic. 


3) Neulralisation reactions (acid + alkali) are also exothermic. 
4) Many oxidation reactions are exothermic. For example, adding sodium to water. 


j, бо it must be oxothormio — see page 24. The reaction release a 
‘energy and the sodium moves about on the surface of the water as it is oxidised, 


Exothermic reactions have lots of everyday uses. For example: 


mo hand warmers use the exothermic oxidation of iron 
" ‘ir (with a salt solution catalyst) to release energy. 


+ Golf heating cane of hot chocolate and coffee also rely on 
exothermic renotions between chemicals in their bases. 


5] 


In ап Endothermic Reaction, Heat is Taken In | 


1) An ENDOTHERMIC reaction is one which lakes in energy from the 
surroundings. This is shown by a fall in temperature. 

2) Endothermio reactions are much less common than exothermic reactions, but they include: 
* The reaction between citric acid and sodium hydrogencarbonate. 

* Thermal decomposition — e.g. heating calcium carbonate causes it to 
decompose into calcium oxide (also called quicklime 


ind carbon dioxide: ni 
Calcium — CaCO, (+ HEAT) — CO, + Ca0 — QuicHime St 
cron Sowa в es 4 
3) Endothermic reactions also have everyday uses. For example: 


Endothermic reactions are used in some sports injury packs — the chemical reaction 
allows the pack to become instantly cooler without having fo put it in the freezer. 


Right, so burning gives out heat — really... 
Remember, "exo-" = exit, “-thermic™ 
endothermic means just the opposite. То 
Qi A student prepares a flask containing ethanoic acid and measures its temperature as 22.5 °C. 

He then adds dilute potassium hydroxide solution which is 21 "C. After 2 minutes the 

temperature of the reaction mixture is 28.5 °C. Is the reaction exothermic or endothermic? [1 mark] 
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зо an exothermic reaction is one that gives out heat — and 
sure you really understand these terms, try this question. 
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More Exothermic and Endothermic Reactions 


Sometimes it's not enough to just know if a reaction is endothermic or exothermic. You may also need to 
know how much energy is absorbed or released — you can do experiments їо find this out. Fun, fun, fun... 


| Energy Transfer can be Measured | E 
1) You can measure the amount of energy released by a chemical reaction (in solution) by 


taking the temperature of the reagents, mixing them i in а polystyrene cup and measuring the 
temperature of the solution at the end of the reaction. Easy. packard 
2) The biggest problem with energy measurements Jorge beaker 
is the amount of energy lost to the surroundings. T-" 
3) You can reduce it a bit by putting the polystyrene cup. 
into a beaker of cotton wool to give more insulation, ar 
putting a lid on the cup to reduce energy lost by evaporation. 
4) This method works for neutralisation reactions or reactions between 
metals and acids, or carbonates and acids. 2 
5) You can also use this method fo investigate what effect different variablas have on the amount of 
energy transferred — o.g. the mass or concentration of the reaotants used. 
6) Here's how you could test the effec! of acid concentration on the energy released in a 
reaction between hydrochloric acid (HCI) and sodium hydroxide (NaOH): 
1) Put 26 ст? of 0.26 mol/dm* of hydrochloric acid and sodium hydroxide in separate beakers. 
2) Place the beakers in а water bath oot to 26 °C until thoy are both at the same temparature (25 °C). 
3) Add the HC! followed by the NaOH to a polystyrene cup with a lid — ав in the diagram above. 
4) Токо the fomporaturo of tho mixture avery 30 second, and record the highest temperature. 
5) Repeat steps 1-4 using 0.5 mol/dm' and then 1 mol/dm? of hydrochloric acid. 


pelpiyrene cup 


Reaction proc are sometime 


| Reaction Profiles Show Energy Changes 


Reaction profiles are diagrams that show the relative energies of H 
and how the energy changes over the course of the reaction, 


1) This shows an exothermic reaction — the products are at a 


lower energy than the reactants. The difference in height 
represents the overall energy change in the reaction 
(the energy given out) per mole. 


2) The initial rise in energy represents the energy needed to 
start the reaction. This is the activation energy (E). 


3) The activation energy is the minimum amount of energy the reactants need to collide with each other 
and react. The greater the activation energy, the more energy needed to start the reaction — this 
has to be supplied, e.g. by heating the reaction mixture. y 

L 


ENDOTHERMIC 


1) тые shows an endothermic reaction because the 7? 
products are at а higher energy than the reactants. 

The difference in height represents the overall 

energy change during the reaction (the energy 

taken in) per mole. 


2) 


Energy transfer — make sure you take it all in... 

Don't get confused by these diagrams, In an exothermic reaction the particles release energy to their surroundings 
— even though the reaction mixture gets warmer, the particles themselves have lost energy. 

QI — Here is the equation for the combustion of methane in air: СН, +20,,, — СО, + 28,0, 


Draw a reaction profile for this reaction. [3 marks] 
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So you know that chemioal reactions сап take in or release energy — this page is about what causes these 
energy changes. Hint — it's all to do with making and breaking chemical bonds. 


Energy Must Always be Supplied to Break Bonds 


Y) During а chemical reaction, old bonds are broken and 
2) Energy must be supplied to break existing bonds — во bond breaking is an каана process. 
3) Energy is released when new bonde are formed — во bond formation is an exotharmie process. 


BOND BREAKING — ENDOTHERMIC BOND FORMING — EXOTHERMIC 


зә ® + 9:999: 


4) In oxothermio reactions the energy released by forming bond ie groater 
than the energy used to break them. In endothermic reactions the energy 
used o break bonds ie greater than the energy released by forming them. 


Bond Energy Calculations — Need to be Practised | À E 


Lor chemical bond has a particular bond energy associated with it. 

This bond energy varios slightly depending on the compound the bond occurs in. 
You can use these to calculate the overall energy change for 
reaction, The overall energy change is the num of the energies needed to break bonds 
in the reactants minus the energy released when the new bonds are formed in the 
products. You need to practise а few of these, but the basic idea is really very simple... 


Ther mare wa E 


Using the bond energies given below, calculate the energy — 
change for the reaction between Н, and Cl, forming HCI: ~ o 
The bond energies you need are: H-H: +436 kJ/mol; есі +242 M/mol; HCl +431 kj/mol. 
1) Find the energy required to break the original bonds: 
(1 x H-H) + (I x CI-CI) = 436 kj/mol + 242 kj/mol = 678 kj/mol 
2) Find the energy released by forming the new bonds. 
2*H-Cl = 2 x 431 kj/mol = 862 kj/mol 
3) Find the overall energy change for the reaction using this equation: 
‘Overall eneray change = eneray required to break bonds ~ eneray released by forming bonds 
= 678 kJ/mol — 862 kj/mol = —184 kJ/mol 


н-а 
нна но 


You gan’! compare the Chlorine and bromine react with hydrogen in a similar way. Br-Br bonds 
overall energy changes of | arg weaker than CI-CI bonds and H-Br bonds are weaker than H-CI bonds. 
reactions unless you know | So jess energy is needed to break the bonds in the reaction with bromine, 
the numerical differences i Î but less energy is released when the new bonds form. So unless you know 
Бегае the exact difference, you can't say which reaction releases more energy. 


A student and their bed — a bond that can never be broken... 


This stuff might look hard at the moment, but with a bit of practice it's dead easy and it'll win you easy marks if 
you understand all the theory behind it, See how you get on with this question: 


QI М, reacts with Н, in the following reaction: N, + 3H, — 2NH, "Hu H y 
The bond energies for these molecules are: Меме = — Д + ДА 
Мек: 941 kJ/mol; H-H: 436 kJ/mol; N-H: 391 KJ/mol. ҥнҥн 
Calculate the overall energy change for this reaction [3 marks] 
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Cells and Batteries 


Batteries are dead useful for all sorts of things and, great news — now you can find out how they work. 
Chemical Reactions in a Cell Produce Electricity 


An electrochemical cell is а basio system made up of {wo different electrodes in contact with an electrolyte: 

1) The two electrodes must be able to conduct electricity and во are usually metals. 

2) The electrolyte is a liquid that contains ions which react with the electrodes. Copper A сыгу) 

8) The chemical reactions between the electrodes and the electrode 
electrolyte set up a charge difference between the electrodes 

4) IF the olocirodos are then connected by a wire, the charge i 


to flow and electricity is produced. A voltmeter сап also be 
connected to the circuit to measure the voltage of the cell. 


Beaker 


The Voltage of a Cell Depends on Many Factors | 


1) Different metals will renot differently with the same electrolyte — this is what causes the 

difference, or the voltage, of the cell. So the type of electrodes used will affeot the voltage of the cell 
2) The bigger the difference in renctivity of the electrodes, the bigger the voltage of the cell. 
3) You can predict what the voltage of a cell might bo from information about the voltages of other cells. 


‘The voltages of two simple cells with the same electrolyte 
‘and different electrodes are shown in the table, If the metal used for 
Electrode A is less reactive than the other metal electrode, the voltage 
is positive and vice versa, Calculate the voltage of a cell where 
Electrode A is lead and Electrode B is tin, 

The voltages of both cells are negative, so iron is more reactive than tin and lead. The voltage for the iron/lead 
«all в more negative than the iron/tin cell, so lead is less reactive than tin, The difference in voltage of these 
two cells is ОО1 V. So, for a cell where Electrode A is lead and Electrode B is tin, the voltage is +0.01 V. 


4) The electrolyte used in a cell will also affect the size of 
the voltage since different ions in solution will react 
differently with the metal electrodes used. 


5) A battery is formed by connecting two or тоге afer another) in a 
together in series. The voltages of the cells in the battery 05У. battery, then they are 
are combined во there is a bigger voltage overall. mmm connected v senes 


In Non-Rechargeable Batteries the Reactants Get Used Up 


1) in some cells, the chemical reactions that happen at the electrodes are irreversible. 
2) Over time the reacting particles — the ions in the electrolyte and the metal ions on 

the electrode — get used up and turned into the products of the reaction. 
3) Once any one of the reactants is used up, the reaction can't happen and so no electricity is produced. 
4) The products can't be turned back into the reactants, so the cell can't be recharged. 
Non-rechargeable batteries, e.g. alkaline batteries, contain cells which use irreversible reactions. Once 
опе of the reactants is used up, they don't produce any more charge and you have to replace them. 


5) In a rechargeable cell, the reaction can be reversed by connecting it to an external eleotric current. 


W cells are joined 


обіг lone 


I think I need a new battery for my brain after that... 

Most so-called "batteries" you use are probably cells, Confusing, but remember to use the right word in the exams. 

QI Тһе voltages of three cells, where one electrode is zinc and the other electrode [ме [i] 2 [3 
changes cach time are shown in the table. Zinc is less reactive than the other metals. | Voltage (V) | 4 | 2.5 | 3 
Write the order of reactivity of the metals used from lowest to highest. Explain your answer. [3 marks] 
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Fuel Cells 


We need fuel fo move around — and | don't mean the eggs and bacon to get you out of bed on a saturday... 


Fuel Cells Use Fuel and Oxygen to Produce Electrical Energy 
1) A fuel cell is an electrical cell that's supplied with a fuel and oxugen (or air) and uses 
energy from the reaction between them fo produce electrical energy efficiently. 
2) When the fuel enters the cell it becomes oxidised and sets up a potential difference within the cell. 
8) There are a few different types of fuel cells, using different fuels and different electrolytes. 
One important example is the hydrogen-oxygen fuel сей. 
4) Thin fuel сей combines hydrogen and oxygen to produce nice clean water and годзе enorgy. 


Hydrogen-Oxygen Fuel Cells Involve a Redox Reaction 


1) The olectrolyte is often a solution of potassium hydroxide. 
Tho electrodes aro often porous carbon with a catalyot. 
2) Hydrogen goes into the 
and oxygen goes into the 


Watch out — in electrolysis the anode is the postive electrode and the cathode 
is the negative one. When dealing with fuel cells, Ue re the other way round. 
8) At tho -ve electrode (the anode), hydrogen loses electrons 
voter and do produce H* fons. This ie oxidation. 
ıt ov 4) H' lone in the electrolyte move to the cathode (+ 


5) At the +ve electrode (the cathode), 
from the cathode and reacts with H` ions (from the 


electrolyte) to make water. This ie reduction. 
8) The electrons flow through an external cirouit from the 
anode to the cathode — this is the electric current. 


7) Tho overall reaction is hydrogen 
plus oxygen, which gives water. ee— 


| Hydrogen-Oxygen Fuel Cells Co 


elis Cot hicles | 


Conventional fuels for vehicles (such as petrol) have a finite supply — they won't last forever, and 
‘they're very polluting. So vehicles that use electrical energy are becoming more and more popular. 
Batteries are one way of getting cleaner energy but hydrogen-oxygen fuel cells might be even better: 


+ Fuel cell vehicles orit produce as many pollutants as other fuels — no greenhouse gases, nitrogen oides, sulfur dioxide 
or carbon monoxide. The only by-products are water and heat. Electric vehicles dent produce many pollutants either — 
but their batteries are more polluting to dispose of than fuel cells because they're made from highly tosic metal compounds 


Batteries in electric vehicles are rechargeable but theres a limit to how many times they can be recharged 
before they need replacing. And batteries are more expensive to make than fud cells 


Batteries also store less energy than fuel cells and so would need to be recharged more often — which can take a long time 
However, there are still some disadvantages of using hydrogen fuel cells: 
Hydrogen is a gas so takes up loads more apace to store than a rechargeable battery 


+ Hydrogen is explosive when mixed with air so ИЗ hard to store safely 


The hydrogen fuel is often made ether from hydrocarbons (from fossil fuels), or by electrolysis of water, 
which uses electncy (and that electncity has got to be generated somehow — usually rom fossil fuel) 


Fuel cells — they’re simply electrifying... 
Fuels cells could be really important for generating electricity cleanly — but there are some issues to sort out first, 
QI — Write the half equation for the reaction of oxygen in a hydrogen-oxygen fuel cell. [2 marks] 
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Revision Questions for Topic 5 


Right, let's see how much you can remember — don't worry though, you can flick back if you get stuck. 
* Try these questions and fick off each one when you get it right. 
* When you've done all the questions under a heading and are completely happy with it, tiok it off. 
Exothermic and Endothermic Reactions (p.61-62) [ ] 
1) In ап exothermic reaction is heat transferred to or from the surroundings? 
2) Name two different types of reaction which are exothermic. 
9) Define what is meant by an endothermic reaction. 
4) Write down the equation for the thermal decomposition of calcium carbonate. 
5) What is the purpose of putting the reaction container into а beaker containing cotton wool during an 
experiment to investigate the temperature change of an exothermic reaction? 
6) Sketch an energy level diagram for an endothermic reaction, 
7) What is the activation energy of a reaction? 
8) ls the following statement true or false? In an endothermic reaction, the products of the 
reaction have more energy than the reactants, 


Bond Energies (p.63) 


9) For the following sentences, use either endothermic or exothermio to fil in the blanks: 
a) Bond breaking it an prooess. 
b) Bond forming is an process. 
o) In an reaction, the energy released by forming bonds Is 
greater than the energy used fo break them. 


10) What three steps would you use to find the overall energy change in a reaction if you wore 
given the known bond enthalpies for the bonds present in the reactants and products? 


Cells and Batteries (p.64) 
11) What is an electrolyte in an electrochemical cell? 


12) Give two factors that affect the voltage produced by an electrochemical cell. 
18) What is a battery? 
14) Explain why non-recharge 


le batter 


eventually lose their charge. 


Euel Cells (p.65) 

15) What is a fuel сей? 

16) Name an electrolyte commonly used in hydrogen-oxygen fuel сей. 

17) In а hydrogen-oxygen fuel cell, which molecule becomes oxidised and which becomes reduced? 

18) Write down the overall equation for the reaction in hydrogen-oxygen fuel cells. 

19) Why is the reaction that takes place in а hydrogen-oxygen fuel cell described as а redox reaction? 
20) State 3 advantages of hydrogen-oxygen fuel cell powered cars over battery-powered electrical cars. 
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Rates of Reaction 


Rates of reaction are pretty important. In the chemical industry, the faster you make chemicals, 
the faster you make money (and the faster everyone gets to go home for tea). 


Reactions Can Go at All Sorts of Different Rates 


1) The rate of a chemical reaction is how fast the reactants are changed into products. 
2) One of the slowest is the rusting of iron (it's not slow enough though — what about my little Mini). 
3) Other slow reactions include chemical weathering — like acid rain damage to limestone buildings. 
4) An example of а moderate speed reaction would be the metal magnesium 
renoling with an acid to produco a gentle stream of bubbles. 
Б) Burning ie a fast гевоноп, but explosions ere even faster and release a ld 
{raotion of a second. 


a lot of gas, Explosive reactions are all over in a 


You Need to Understand Graphs for the Rate ої. Reaction | | 


1) You can find the speed of a reaction by recording the amount of product formed, 
or the amount of reactant used up over fime (see page 69). 
2) The steeper the line on the graph, the faster the rate of reaction. 
Over time the line becomes less steep ав the tants are used up. 
3) The quickest reactions have the steepest Hee and become flat in the loast time. | 
4) The plot below uses the amount of product formad over time to show 
how the speed of a particular reaction varies under different conditions: 


Graph 1 represents the original reaction, 

Graphs 2 and represent the reaction taking place 
but with the 
The slopes of the graphs are sleeper than for graph 1. 
Graphs 1, 2 and 3 all converge at the game level, 
showing that they all produce the same amount of 
product although they take different times to produce it, 
Graph 4 shows more product and a faster renction. This 
сап only happen if more reaotant(s) are added at the start. 


_ Particles Must Collide with Enough Energy in Order to React 


Reaction rates are explained perfectly by collision theory. e simple really, = e 
The rale of a chemical reaction depends on: "е ) 
1) The collision frequency of reacting particles (how often they collide). The more collisions 

there are the faster the reaction is. E.g. doubling the frequency of collisions doubles the rate. 
2) The energy transferred during a collision. Particles have to 

collide with enough energy for the collision to be successful. Pau 
You might remember from page 62 that the minimum amount of 
energy that particles need to react is called the activation energy. 
Particles need this much energy to break the bonds in the reactants and start the reaction. 
Factors that inorease the number of collisione (so that a greater proportion of reacting particles collide) or 
the amount of energy particles collide with will increase the rate of the reaction (see next page for more). 


Get a fast, furious reaction — tickle your teacher... 


Collision theory's essential for understanding how different factors affect the rate of reaction — 
зо make sure you understand it before moving on to the rest of Topic 6. 


QI — What is meant by the term activation energy? [1 mark] 
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Factors Affecting Rates of Reaction 


I'd ack you to guess what this page is about, but the fille pretty much says it all really. Read on... 
| The Rate of Reaction Depends on Four Things 


1) Temperature. 3) Surface area — this changes depending. 
2) The concentration of a solution оп the size of the lumps of a solid. 
or the pressure of gas. 4) The presence of a catalyst. 


More Collisions Increases the Rate of Reaction | 
All four methods of increasing the rate of @ reaction can be explained in terms of increasing 
the number of successful collisions between the reacting particles: 

Increasing the Temperature Increases the Rate 


21) When the temperature is increased, the particles all move faster. 


2) If they're moving faster, they're going to collide more frequently. 
8) Also tho faster they move the more energy they have, so more of 
tho collisions will have enough energy to make the reaction happen. 


Increasing the Concentration or Pressure Increases the Rate | 
1) Ifa solution is made more concentrated, И means there are more particles 
knocking about in the game volume of water (or other solvent). е PI 
2) Similarly, when the pressure of a gas is increased, it means that pe Qe 
the of particles occupies а smaller space. —— _ 9 m а 
3) This makes collisions betwee 


the reactant particles more frequent. | presse pen 


Increasing the Surface Area Increases the Rate. 


1) Ione of the reactants is а solid, then breaking it up into 
smaller pieces will inci its surface area to volume ratio. 
2) This means that for the same volume of the solid, the 
particles around it will have more aren to work on — 
во there will be collisions more frequently. 


_ Using a Catalyst Increases the Rate 


1) A catalyst is a substance that speeds up a reaction, 
without being used up in the reaction itself. This means 
it's not part of the overall reaction equation. 

2) Different catalysts are needed for different reactions, but 


they all work by decreasing the activation energy needed 
for the reaction to occur. They do this by providing an 


alternative reaction pathway with a lower activation energy. 
3) Enzymes are biological catalysts — they catalyse reactions in living things. 


алды. on proie 
ney 0L The mere on thee оов 


Without Catalyst 


Reaclanis 7, 


Activation eray 
with a catalyst 


Increase your concentration — burn through that exam paper... 

Catalysts are really useful — they don’t get used up so you can use them over and over again. Brilliant, 

Q1 For each of the following pairs of reactions, state which one would have the fastest rate (A or В) and why: 
a) A: A 2 g solid strip of magnesium with water. B: 2 g of powdered magnesium with water. [2 marks] 
b) A: 2 mol/dm’ KOH with excess ethanoic acid. В: 4 mol/dm* KOH with excess ethanoic acid. [2 marks] 
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Measuring Rates of Reaction (2merca ] | 


All this talk about rates of reactions is fine and dandy, but it's no good if you can't measure it. 


Here Are Three Ways to Measure the Rate of a Reaction | 
The rate of а reaction can be observed either by how quickly the reactants are used up or how quickly the 
products are formed: 


When the product or reactant is a gas you usually measure the amount in om’ 
If it's a solid, then you use grams (g). Time is offen measured in geconds (s). 
This means that the unite for rate may be in cm?/s or in g/s. You can also 

measure the amount of product or reactant in moles — so the units of rate could = (ие page 1). 
also be mol/s. Here are three different ways of measuring the rate of a reaction: ees 


| I) Precipitation and Colour Change 
1) You can record the visual change in a reaction if the initial solution is transparent = ol 
and the product is a precipitate which clouds the solution (it becomes opaque). 
2) You can observe a mark through the solution and measure how long it takes 
for it to disappear — the fagter the mark disappears, the quicker the reaction, 


3) If the reactants are coloured and the products are colourless (or vice versa), 
{you oan time how long Н takes for the solution to [ose (or gain) Ив colour. 


4) The results are very subjective — different people might not agree over the i] 
exact point when the mark ‘disappears’ or the solution changes colour. 
Also, if you use thio method, you can't plot а rate of reaction graph from the results, 

| 2) Change in Mass (Usually Gas Given ОН) 


x 1) Measuring the speed of a reaction that produces a gas 
= == 


youl need ө 
find the gra 


сап be carried out using û 

2) As the gas io released, the таво disappearing 
is measured on the balance. 

8) Tho quickor the reading on the balance drops, the faster the reaction. 

4) If you take measurements at seat a you can plot a rate of 
reaction graph and find the rate quite easily (see page 71 for more). 
5) This is the most accurate of the three methods described on this page because the mass balance 
is very accurate. But it has the disadvantage of releasing the gas straight into the room. 


3) The Volume of Gas Given Off 


1) This involves the use of a gas suringe to measure the volume of gas given off. 
2) The more gas given off during a given time interval, the faster the reaction. - 
3) Gas syringes usually give volumes accurate to the nearest ст?, so 

they're quite noourate. You сап take mi regular. 

interval: and plot a rate of reaction graph using this method too. / 

You have їо be quite careful though — if the reaction is too vigorous, 

you can easily blow the plunger out of the end of the syringe. 


OK, have you got your stopwatch ready...*BANG!* — oh. 
Make sure you've learnt the three different methods on this page, then have a go at this question: 
Qi The reaction between solid Na.CO, and aqueous HC! releases CO. (a gas). 
3) Describe an experiment that would allow you to measure the rate of this reaction. [3 marks] 
b) Suggest units that would be appropriate for expressing the rate of this reaction. [1 mark] 


Topic 6 — The Rate and Extent of Chemical Change 


10 


КОСА Two Rates Experiments 


Here's a lovely page on practical investigations into the effect of concentration on the rate of a reaction. It's 
particularly lovely because it's got iwo methods that you could use. Get your safety goggles on and let's до... 


| Magnesium and НСІ React to Produce Н, Gas 


Stopwatch 


conical ask 


1) Start by adding а set volume of dilute hydrochloric acid 
to a conical flask and carefully place on a mass balance. inilio 
2) Now add come magnesium ribbon fo the acid аи, 
and quickly plug the flask with cotton wool. 2 Putting cation wel in E 
З) Start the stopwatch and record the mass £ к " TE E 
я idingo of the mace pitting ot E 


4) Plot the results in a tablo and work out the mass lost for 
mont concentrated acid each reading. Now you can plot a graph with time on the 
, ` x-axis and loss of mass on the y-axis. 

5) Repeat with more concentrated acid solutions, 

Variables such ав the amount of magnesium ribbon and 
used should be kept the same each 
‘only change the acid's concentration. This 

le to make your experimont a fair fest — see р.Б. 
bs, 6) The three graphs show that а higher concentration 
of acid gives а fastor rate of reaction. 


You could al 


ur rented using a gas syringa, as en the presi 


| Sodium Thiosulfate and HCI Produce a Cloudy Precipitate | 


1) These two chemicals are both clear solutions. They react togethor to form a yellow precipitate of sulfur. 

2) Start by adding а set volume of dilute sodium thiosulfate to a conical flask. 

8) Place the flask on a piece of paper with a black cross drawn on it. 

Add some dilute HC! to the flack and start the stopwatch. 

4) Now watch the black cross disappear through the cloudy sulfur and fime how long it takes to go. 

5) The reaction can be repeated with 
solutions of either reactant at different 
concentrations. (Only change the 
‘concentration of one reactant at a time 
though). The depth of the liquid must 
be kept the game each time, 

6) These results show the effect of 

the concentration of HCl on T 
ату ttle ane [меннн а НО тан Tos [3 [s [3 [25] 
exces of sodium onde, a [ин taten fer mart о dager [s 178 [m | 1e | 


7) The higher the concentration, the quicker the reaction and Although you could draw a graph of on 
therefore the loss time it takes for the mark to disappear. 5, 1 үл ШП 
8) One sad thing about this rea that it doesn't give a cet of graphs. Well think W's sad. AN you 
get is а set of readings of how long it took till the mark disappeared for each concentration. Boring. 


Bubbling acid, sulfurous clouds — proper witchcraft this is... 
You should learn the methods involved in these experiments — but remember, other reactions can also be used to 
investigate the four factors that affect rale. You might see different experiments in your exams, or the same ones 
but measuring a different factor — so watch out. 
QI А student carried out an experiment investigating the effect of changing the HCI concentration on. 

the rate of reaction between HCl and Mg. State two factors that he should have kept constant. — [2 marks] 


3' ê dien 


against e whch wil gv ou эл approsmate rate 
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___ Finding Reaction Rates from Graphs 


You might remember a bit about how to interpret graphs on reaction rate from page 67 — 
well this page shows you how to use them to calculate rates. 


You can Calculate the Mean Reaction Rate from a Graph 


1) Remember, a rate of reaction graph shows the amount of product formed 
or amount of reactant used up on the y-axis and time on the x-axis. 


2) So to find the mean rate for the whole reaction, you just work out the overall change in the 
y-value and then divide this by the total fime taken for the reaction. 
3) You can also use the graph to find the mean rate of reaction between any two points in time: 


com 


> 
The graph shows the volume of gas released by a ER < 
E raglan ita ic C {м 
mean rate of reaction between 20 s and 40 s. фо. 
‘Maan rate of reaction = change in ye Фалех} 5 
(от isa 220% do 
ш “РЕ 


Draw a Tangent to Find the Reaction Rate at a Particular Point 


If you want to find the rale of the reaction at a particular point in time, you need to find the 
фий! (elope) of tho curve at that point. The easiest way to do thie is fo draw a tangani fo the 
‘curve — a straight line that touches the curve at one point and doesn't cross it. You then work 


out the gradient of the tangent, H'a simpler than it sounds, honest... 
ma The graph below shows the mass of reactant used up measured at regular 
intervals during a chemical reaction. What is the rate of reaction at 3 minutes? 


1) Position a ruler on the graph at the point where 4) Pick two.points on the line that 
you want to know the rate — here it's 3 minutes — are easy to read Use them to 


2) Adjust the ruler until oc calculate the gradient of the 
the space between the 9 ^ tangent in order to find the rate 
Dor the amb 3 кчт = han ИЕ ine 
of the point. E DRESS 

З) Draw a line along =027 
то азо P Бо the rale ef reaction КЗ m 

Le 027 ути 
Extend the Imerght = A i ORSAY 
mee ae Time (min) 


Calculate your reaction to this page. Boredom? How dare you... 
There's only one way to learn this stuff properly — practise. So you'd better get going with this question. 
QI — Calcium carbonate powder was added to a conical flask containing dilute HCI 
CO, was produced and collected in a pas s 
The volume of gas released was recorded at 


inge. 


тте 10 


10 second intervals in the following table: мыч | aes m ИЕ. me 
a) Plot these results on a graph and draw a line of best fit [3 marks] 
b) Find the rate of the reaction at time = 25 s. [4 marks] 
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Reversible Reactions 


Some reactions can go backwards. Honestly, that's all you need... 


Reversible Reactions Will Reach Equilibrium | The = how he 


This equation shows a reversible reaction — the products (C and D) 
те шыл sowe a агыш sanoan — бө producte ne — 040 | 
1) Ав the reactants react, their concentrations fall 


во the forward reaction will slow down (see page 68). е... 
But ав more and more products are made and e соп 
e 


their concentrations rise, the backward reaotion will speed up. 

2) After a while the forward reaction will be going at exocili the 
same rate ав the backward one — the system is at equilibrium. © 

8) At equilibrium, both reactions are still happening, but there's ® 
по overall effect (it's a dynamic equilibrium). Thie means the 4 
concentrations of reactants and products have reached a balance and won't change. 

4) Equilibrium is only reached if the reversible reaction takes place in a ‘glowed system’. A closed. 
tystom just means that none of the reactants or produots can escape and nothing else сап get in. 


The Position of Equilibrium Can be on the Right or the Left 


1) When а reaction's at equilibrium it doesn't mean the amounts of roactants and products are anual- 
2) M the equilibrium lies to the right, the concentration of products is greater than that of the reactants, 
8) If the equilibrium lies to the loft, the concentration of rasotants ia геш! than that of the products, 
4) Tho position of equilibrium depends on the following conditions (as well as the reaction itself): 
* the fompernture, oy, | 
» the pressure (this only affects 
‘equilibria involving gases), 


E.g. ammonium chloride == ammonia + hydrogen chloride 
Hesling thia reaction moves the equilibrium to the right 
{more ammonia and hydrogen chloride) and cooling it 


» tho concentration of the 
Нор ДИ moves it to the lof! (more ammonium chloride). 


The next page tells you why these things affect equilibrium position, 


| Reversible Reactions Can Be Endothermic and Exothermic іс | 


1) dn reversible reactions, if the reaction is endothermic in опе direction, it will be exothermic in the other. 


2) The energy transferred from the surroundings by the endothermic reaction is 
equal to the energy transferred fo the surroundings during the exothermic reaction. = 


З) А good example is tho thermal decomposition of hydrated vopper ul 


copper sulfate 


"S exothermic 


۴ you heat blue hydrated copper(I!) sulfate crystals, it drives the water off 
T Men leaves while anhydrous copper(I) sulfate powder. This is endothermic. ж 


If you then add a couple of drops of water to the white powder Ze 
you get the blue crystals back again. This is exothermic. == 


Dynamic equilibrium — lots of activity, but not to any great effect.” 
Make sure you understand everything on this page before you move on to the next one. Trust me, i'l help. 
QI — What does it mean if a system is at equilibrium? [1 mark] 
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| Le Chatelier’s Principle | 


Reversible reactions don't like being messed around — so if you change something, 
the system will respond o undo the change. Sneaky. 


Reversible Reactions Try to Counteract Changes.. | 


1) Le Chatelier's Principle is the idea that if you change the conditions of a reversible 
reaction at equilibrium, the system will try to counteract that change. 
2) It can be used to predict the effect of any changes you make to a reaction system. 


Such as Changes to the Temperature... 


1) All reactions are exothermic in one direction and endothermig in the other (s: 
2) If you decrease the temperature, the equilibrium will 
move in the wxothermip direotion fo produce more heat. 
This means you'll get more products for the exothermic 
reaction and fewer products for the endothermic reaction. 
8) If you raise the temperature, the equilibrium will move in the endothermic 
direotion to try and decrease it. You'll now get more products for the 
endothermig reaction and fewer products for the exothermic reaction. 


previous page). 


вимо 
temperature 
to the nght (more 


...Pressure... 


1) Changing the pressure only affects an equilibrium involving gasos. 


2) If you increase the pressure, the equilibrium tries to reduce it N, + ЗН, = 2NH, 
— it moves in the direction where there are fewer molecules of gas. | There ae 4 moles on te 
3) If you decrease the pressure, the equilibrium tries to increase it ам! иин ыр: 
— it moves in the direction where there are more molecules of gas. | ууу the кыйгыл dos 
4) You can use the balanced symbol equation for a reaction to the right (more NH) 


to see which side has more molecules of gas. 


ок Concentration’ | 


1) If you change the concentration of either the reactants or 
the products, the system will no longer be at equilibrium. 
2) 90 the system responds to bring itself back to equilibrium again. N, + GH, — 2NH, 
3) If you increase the concentration of the reactants the system Frans eue dez 
tries to decrease it by making more products. dic dare МЫ, 
4) If you decrease the concentration of products the system tries to 
increase it again by reducing the amount of reactants. 


An equilibrium is like a particularly stubborn mule... 
It's good science this stuff. You do one thing, and the reaction does the other. On the face of it, that sounds 
like itd be pretty annoying, but in reality it's what gives you control of what happens in a reversible reaction. 
And in industry, control is what makes the whole shebang profitable, Mmmm... Money. 
Qt For the following reactions, state the effect of an increase in 

pressure on the amount of products at equilibrium. 


= эхо, [1 mark] 
NÖ, „+ NO, NO, „ + CINO, [1 mark] 
c) 2C0, *O, 


[1 mark] 
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Revision Questions for Topic 6 


We'll you've almost made it — you're just one more page away from a lovely cup of lea and a biscuit... 
+ Try these questions and fick off each one when you get it right. 
* When you've done all the questions under a heading and are completely happy with it, tiok it off. 
Rates of Reaction and Factors Affecting Them (p.67-68) [ ) 
1) Ona rate of reaction graph, what does the line getting steeper show? 
2) What does a flat line on a graph of amount of products against time show? 
3) What two factors relating to the collisions between particles influence the rale of a reaction? 
4) What are the four factors that affect the 
5) Why does increasing the temperature of a reaction mixture increase the rale of a reaction? 
6) Other than increasing the temperature, desoribe two ways of increasing the 

rale of reaction between a colution and a solid. 
7) What ie a catalyst? 0 


8) How does a catalyst increase the rate of a reaction? 


Measuring and Calculating Rates of Reaction (p.69-71) 
9) State tho equation that could bo used to caloulate the moan rate of a reaction. 
10) Give three possible units for the rate of a chemical reaction. 
1) How would you measure the rate of a reaction between two clear solutions, 

in which the product formed was а precipitate? Г] 
12) Explain why measuring a mass change during а reaction is an accurate method of measuring rate. 
18) Describe how you could investigate the effect of increasing HCI concentration 

‘on the rate of reaction between НО! and Mg. 
14) Describe how you could use a graph to find the mean rate of a reaction between two points in fime. 
15) What is a tangent? 
16) How would you use a tangent to find the gradient of a curve at a partioular point? Г] 
Reversible Reactions and Le Chatelier's Principle (p.72-73) [ ] 
17) Which one of the following statements is true? 

a) In a reaction at equilibrium, there is the same amount of products ав reactants. 

b) If the forward reaction in a reversible reaction is exothermic, then the reverse reaction is endothermic. 


о) Ifthe equilibrium of a system lies to the right, then the concentration 
of products is less than the concentration of reactants. Г] 


18) What effect will decreasing the temperature have on а reversible reaction 
in which the forward reaction is exothermic? 


19) How can you predict the effect of changing the pressure of a gaseous reaction? 


20) According to Le Chatelier's Principle, what will the effect of decreasing the 
concentration of the products for the forward reaction have on a reversible reaction? 


of a chemical reaction? 
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Hydrocarbons 


Organic chemistry is about compounds that contain carbon. Hydrocarbons are the simplest organic 
compounds. As you're about to discover, the properties of hydrocarbons make them really useful. 


Hydrocarbons Only Contain Hydrogen and Carbon Atoms 


A hydrocarbon is any compound that is formed from carbon and hydrogen atoms only. 
$o СН, (decane, an alkane) is a hydrocarbon, but CH,COOC;H, (an ester) ie not — Н contains oxygen. 


Alkanes Have All C-C Single Bonds | 


1) Alkanes are the simplest type of hydrocarbon you can get. They have the general formula С.Н, 
2) The alkanes are à homologous series — a group of organic compounds that react in a similar way. 
3) Alkanes aro saturated compounds — each carbon atom forms four single covalent bonds, 


Hydrocarbon Properties Change as the Chain Gets Longer 


‘As the length of the carbon chain changes, the properties of the hydrocarbon change. 
1) The shorter the carbon chain, the more runny a hydrocarbon la — that ів, the lens viscous (gloopy) it is. 
2) Hydrocarbons with shorter carbon chains are also more volatile, i.o. they have lower boiling points. 
3) Also, the shorter the carbon chain, the more flammable (easier to ignite) the hydrocarbon is. 
4) The properties of hydrocarbons affect how they're used for fuels. E.g. short chain hydrocarbons 

with lower boiling pointa are used as ‘bottled gases’ — stored under pressure as liquids in bottles. 


Complete Combustion Occurs When There's Plenty of Oxygen | 


1) The complete combustion of any hydrocarbon in oxygen releases lots of energy. 
The only waste products are carbon dioxide and water vapour. 


БИ: 
E pe defined aS 


arbon + oxygen — carbon dioxide + water IT) 
2) During combustion, both carbon and hydrogen from the hydrocarbon are oxidised. 
3) Hydrocarbons are used as fuels due to the amount of energy released when they combust completely. 
4) You need tobe able о give а halen oumbol equation for he oomplete combustion of а simple 
hydrocarbon fuel when you're given ite moleoulr formula. Ils prolly eaoy — here's an example: 


only one molecule of CO, is needed to balance this CH, + 10; > СО, + #90 
2) On the let hand side there are four hydrogen atoms, 
зо two water molecules are needed to balance them. CH; +70; 3 СО, 24,0) 


З) There are four oxygen atoms on the right hand side of the equation. 


Tao oxygen molecules are needed on the let to balance them, Сола СО; ds) 


The name’s bond — single covalent bond... 
So hydrocarbons only contain two ingredients — carbon and hydrogen. Jamie Oliver would not be happy. 


QI — Astudent has two alkanes, C,H, and СН. Compare the following properties of the alkanes: 
a) viscosity b) boiling point c) flammability [3 marks] 


Q2 — Writea balanced symbol equation for the complete combustion of propane, C,H. [2 marks] 
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Fractional Distillation 


Crude ой can be used to make loads of useful things, such as fuels. Bi you oan't ju put oruda ol our 
car. First, the different hydrocarbons have to be separated. That's where fractional distillation comes in. 


| Crude Oil is Made Over a Long Period of Time | 


1) Crude oil is a fossil fuel. H's formed from tho remains of plants and animale, Ms mah) plankton, that 
died millions of years ago and were buried in mud. of years, with high temperature and 
pressure, the remains turn to crude oil, which can be drilled up from the rocks where it's found. 

2) Fossil fuels like coal, ой and gas aro called non-renewable fuels ac they take 
so long to make that they're being used up much faster than they're being 
formed. They're finite resources (see p.99) — one day they'll run out. 


Fractional Distillation can be Used to Separate Hydrocarbon Fractions 


Crude ой is а mixture of lols of different hydrocarbons, most of which are alkanes. уу) г, 
The different compounds in crude oil aro separated by fractional distillation. „оз эч 

Hero's how it worka: i se $ 
1) The oil is healed until most of it has turned into gag. The gases enter a тиит 


fractionnting column (and the liquid bit is drained off). 
2) In the column there's a temperature gradient (i's hot at the bottom and gets cooler ав you go up). 
3) The longer hydrocarbons have high boiling points. They condense back into liquids and drain out of 
the column early on, when they're near the bottom. The shorter hydrocarbons have lower boiling 
points. They condense and drain out much later on, near to tho top of the column where it's cooler. 
4) Жын EE ie Кыл: BN metic Each fraction contains в. 
mixture of hydrocarbons that all contain а similar number of carbon atoms, во have similar boiling points. 


propane and butane = 


or lubricating of 


How much petrol is there in crude oil? Just a fraction... 
Make sure you understand how fractional distillation works — it might just save your life... OK, maybe not. 


QI — Petrol drains further up a fractionating column than diesel. What does this suggest about 
the boiling points of the hydrocarbons which make up petrol compared to those in diesel? [1 mark] 


Q2 — Describe the temperature gradient in a fractionating column used for fractional distillation, — — [| mark] 
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Uses and Cracking of Crude Oil 
Crude ой has fuelled modern civilisation — it would be a very different world if we hadn't discovered ой. 


Crude Oil has Various Uses Important in Modern Life | 


1) Oil provides the fuel for most modern transport — cars, trains, planes, the lot. Diesel oil, kerosene, 
heavy fuel ой and LPG (liquid petroleum gas) all come from orude oll. ` ar qare an je ol 

2) The petrochemical industry uses some of the hydrocarbons Tm going to bo a shar, 

from crude ой as a feedstock to make new compounds for use EL 

in things like polymers, solvents, lubricants, and detergents, 

All the products you get from crude oil are examples of organic compounds 

(compounds containing carbon atoms). The reason you get such а large variety of products is 

because carbon atoms сап bond together to form different groupa called . Those 

groups contain similar compounds with many properties in соттоп, Alkanes, alkenes, as well 

as the other families you'll moot in this topic, are all examples of different homologous series. 


3} 


Cracking Means Splitting Up Long-Chain Hydrocarbons | 


1) Shorl-chain hydrocarbons are flammable во make good fuels and are in high demand. 
However, long-chain hydrocarbons form thick gloopy liquids like far which aren't all that useful, 
2) ...0 lot of the longor alkane molecules produced from fractional distillation 
are turned into smaller, more useful ones by a process called cracking. 
8) Ав well ae alkanes, cracking also produces another type of hydrocarbon. 
called alkenes. Alkenes are usod ac a storting material when making lota of 
other compounda and oan be used to make polymere (aee p.80). 
4) Some of the products of cracking are useful an fuels, e.g. petrol for cars and paraffin for jet fuel. 


There are Different Methods of Cracking | 
1) Cracking is a thermal decomposition reaction — breaking molecules down by heating them. 
2) The first step is to hoat long-chain hydrocarbons to vaporine them (turn them into a gas). 
8) Then the vapour is passed over a hot powdered aluminium oxide catalyst. 
4) The long-chain molecules split apart on the surface of the specks of catalyst — this is catalytic cracking. 
5) You can also crack hydrocarbons if you vaporise them, mix them with steam and then 
heat them to a very high temperature. This is known as steam cracking. 


You need to be able to balance chemical equations for cracking. For example: 
+ alkene 


+ ethene (two C atoms) 
(far making ptio) 


Eg. decane (ten C atoms) 


{too much ofthis in crude ol 


Е 2N carbon апі hydrogen 


This page is tough — better get E 
We use lols of oil — we're dependent on it for loads of things. So we could be in a proper pickle when it runs ош, 
T what I did there? Ahaha... 


1,, and one other hydrocarbon, 


СН, can be cracked into ethene, 


Give the formula of the other hydrocarbon. [1 mark] 
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Alkenes 


Alkenes are unsaturated because they have a double carbon-carbon bond. They're hydrocarbons, and their 
names sound like the alkanes on p.75. Don't mix them up, or you'll be the joke of the examiners’ tea room... 


Alkenes Have a C=C Double Bond 


1) Alkenes are hydrocarbons which have a double bond between two of the carbon atoms in their chain. 
2) The C=C double bond means that alkenes have two fewer hydrogens compared with 
alkanes containing the same number of carbon atoms. This makes them unsaturated. 
3) The C=C double bond can open up іо make a single bond, allowing the two carbon atoms іо bond 
with other atoms (see the next page). This makes alkenes reactive — far more reactive than alkanes. 
4) The first four alkenes are ethene (with two carbon atome; 
propene (three Св), butene (four Cs) and pantena (five Cs). 
5) Straight-chain alkenes have twice ав many hydrogen atoms. 


This is a double bond 


Т There are two dierent structures for butene 
= (CH) and pelene (CoH) asthe double = 


эп be in two dierent 


Alkenes Burn With a Smoky Flame 
1) In a large amount of oxygen, alkenes combust completely to 
produce only water and carbon dioxide (see p.75). 
Ф) However, there isn't enough oxygen in the air for this, во when you burn them they tend 


to undergo incomplete combustion. Carbon dioxide and water are still produced, but 
{you сап also get carbon and carbon monoxide (CO) which is a poisonous gas. 


alkene + oxygen — carbon + carbon monoxide + carbon dioxide + water ee 


3) Incomplete combustion results in a smoky yellow flame, and less energy 
being released compared to complete combustion of the вате compound. 


4) Here's an example of an equation for incomplete combustion: 


This is just one possibility The products depend on 
Calg + 60, 200 + 000, + АН,0 | pou, much oxygen is present. Eg you could also 


have СН, + ЗО, 2€ + 2CO +40 
— but the equation has to be balanced 


I hope you alkene to learn this page... 
Don't get alkenes confused with alkanes — that letter ‘e’ makes all the difference, Alkenes have a C=C bond, 
alkanes don't. The first part of both their names tells you how many carbon atoms they have. 


QI — Give the chemical formula for the alkene that contains eight carbon atoms. [1 mark] 


Q2 — Name two products which are produced during incomplete combustion 
which aren't produced during complete combustion, [2 marks] 
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Reactions of Alkenes 


Alkenes teact with lots of compounds, which ie great. Unless you have to learn the reactions that is... 


Alkenes React via Addition Reactions 


1) A functional group is a group of atoms in a molecule that determine how that molecule typically reacts. 

2) All alkenes have the functional group 'C=C', so they all reaot in 
So you can suggest the products of a reaction based on | p 
your knowledge of how alkenes react in general. 

3) Most of the time, alkenes react via 
The carbon-carbon double bond will opan up to leave a 
single bond and а new atom is added to each carbon: 


Addition of Hydrogen is Known as Hydrogenation | 


Hydrogen can геасі with the double-bonded carbons to open 
up the double bond and form the equivalent, saturated, alkane. 


Tho alkono i reacted with hydrogen ny 
in the presence of a ontalyst: 


R=Carbon chain Y н 
US "Toy 2 Barat 


Steam can React with Alkenes to Form Alcohols — 


1) When alkenes react with alenm, watar ie added 
across the double bond and an uloohol is formed. \ / Л 

2) For example, othanol can be made by mixing athens C=C + ЊО —> H-C-0-0-H 
with steam and then passing it over а catalyst: == " u А M u 

8) The convertion of ethene to ethanol is ono way of 
making ethanol industrially. After the reaction has taken place, the reaction mixture is уо! 
passed from the reactor into a condenser. Ethanol and water have a higher boiling point ^ == 


than ethene, so both condense while any uneeacled ethene gas i recycled back into the ', 
reaotor. Tho aloohol can then be айар from the mixture by fractional dilation. ' 


Halogens can React with Alkenes | 


1) Alkenes will also react in addition reactions with halogens such as bromine, chlorine and iodine. 
The molecules formed are saturated, 
with the C=C carbone each becoming 
bonded їо a halogen atom. 

bromine and ether 

to form dibromosthane: |Н. 


som A ethene отне > _Aibvomoethane 


The addilion of bromine to a double КОЕ сап be used to test for alkenes: т умт 

1) When orange bromine water is added to a saturated compound, асосш 
like an alkane, Sor EE rr prey ro { 70 

2) I it's added to an alkene the bromine will add across the double bond, bromine water мыо 


is decolourised. 7 7 ne seem 


making а colourless dibromo-compound — во the bromine wat 
Double the carbon bonds, double the fun... 


These reactions aren't too bad to get your head around. They're as easy as sayi 
Qi 


[mark] 
Q2 — State what colour change occurs when butene, C,H,, reacts with bromine water, [1 mark] 
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Addition Polymers 


Polymers are made up of lois of the same molecule joined together in one long chain. They're what make up 
plastics. They have lots of weird and wonderful properties which make them darn useful to modern society. 


_ Plastics are Made Up of Long-Chain Molecules Called Polymers 


1) Polymers are long molecules formed when lots of small molecules called monomers join together. 
This reaction is called polymerisation — and it usually needs high pressure and a catalyst. 
2) Plastics are made up of polymers. Thoy're usually 
and their monomers are often alkenes (see page 78). 


Addition Polymers are Made From Unsaturated Monomers 


1) The monomers that make up addition polymers have a double covalent bond. 
2) Lots of unsaturated monomer molecules (alkenes) can open up their double bonds and join together to 
form polymer chains. This is called addition polymerisation. ^ n 
For example, lots of ethene molecules сап гово! 
together to form poly(etheno] (or 
коон pum 
1, —— 


and Catalyst 


The reaction can also be shown like this: 


UTEM B 


Many single ethenes Polythene! 


3) When the monomers react in addition ротой reactions, the only product is the polymer 
addition polymer contains exactly the same type and number of atome as the топо 


_You May Need to Draw the Ri ting Unit of a Polym: 


1) Drawing the displayed formula of an addition polymer from the displayed formula of ite monomer is easy. 
* Start by drawing the two alkene carbons, replace the double bond with a 


single bond and add an extra single bond to each of the carbons. 
* Then fill in the rect of the groups in the same way that they surrounded the P 
double bond in the monomer. Finally, stick a pair of brackets around the 


repeating bit, and put an ‘n' affer it (to show that there are lots of утс. ч A Palmer 

2) To get from the displayed formula of the polymer Ty qw a] 
to the displayed formula of the monomer, just do fe E x; =e | 
‘the reverse. Draw out the repeating bit of the polymer, а 
get rid of the two bonds going out through the brackets Peres El 
and put а double bond between the carbon. Hem] pn 

3) The name of the polymer comes from the type of monomer it's (ее Fee 
made from — you just stick the word "aly in front of if and seal the ы) й nh 
monomer name in brackets. So propene becomes polu(propene). Pohyjlpropena) 


Which polymer is good for making a cuppa? Poly(putthekettleon)... 
Which monomer a polymer is made from affects the properties of the plastic — as there are so many monomers, 
chemists can make all sorts of things. Make sure you can recognise and draw polymers and their monomers. 
QI — What is a polymer? [1 mark] 
Q2 Two different polymers can be formed from butene. This is dependent on whether the double bond. 

of the butene monomer is located in the middle or at the end of the carbon chain. 

Draw the two possible repeating units of the polymer made from butene molecules. [2 marks] 
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Alcohols 


Alcohol isn't just the thing your Nan has for special occasions. In fact, alcohols are yet another homologous 
series of organic compounds. They're handy for lots of things, and you need to know how they're used. 


Alcohols Have an '-OH' Functional Group and End in “01' | 


1) The general formula of an alcohol is C,H, ,,OH. Во an alcohol with 2 carbons has the formula C,H,OH. 
2) Allalcohols contain an -OH group. You need to know the first 4 in the homologous 


Methanol Bana m "m пледи ipea 
LI н H Lam “= iis tt re 


оңон CHOH y оңон 


8) The basic naming system is the вате ав for alkanes — but replace the final '-e' with '-ol' 
4) Don't write СН, instead of CH,OH — it doesn't show the -OH functional group. 


The First Four Alcohols Have Similar Properties 


1) Alcohols are flammable. They undergo complete combustion in air 3" Make ture you ean wie © 
to produce carbon dioxide and water. For example: balanced equations for the = 


2CH,OH, + 30,4, => 200,1 + 4H0 
2) Methanol, ethanol, propanol and butanol aro all soluble in water. Thoir solutions hav 
3) They also react with sodium. One of the products of this reaction іо hydrogen. р. Carbon 
4) Aloohols can be oxidised by reacting with oxygen Chain 
(e.g. from the air) to produce a carboxylic acid (воо the nox! page): o 
5) Different aloohols form different carboxylic acide. For example, methanol к-с 
is oxidised to methanoio acid, while ethanol is oxidised to elhanoic acid. 


Alcohols are Used as Solvents and Fuels | 


1) Alcohols such as methanol and ethanol are used iolvents in industry. 
This is because they can dissolve most things water can dissolve, but they can also 
dissolve substances that water can't dissolve — e.g. hydrocarbons, oils and fa 
2) The first four alcohols are used as fuels, For example, ethanol is used 
эв а fuel in spirit burners — it Бите fairly cleanly and it's non-smelly. 


Ethanol can be Made by Fermentation 


Ethanol is the alcohol found in alcoholic drinks such as wine or beer. It's usually made using fermentation. 
1) Fermentation uses an enzyme in yeast to convert sugars into ethanol. Carbon dioxide is also produced. 
The reaction occurs in solution во the ethanol produced is aqueous. 


thanol + carbon dioxidi 


2) Fermentation happens fastest at a temperature of around 37°C, in a 
solution and under anaerobic conditions (no oxygen). 
3) Under these conditions the enzyme in yeast wot best to convert the sugar to alcohol. If the 
conditions were different, for example a or higher pH/lower temperature, 
the enzyme could be denatured (RSIS o or could work at a much slower rate. 


Alcohol — drink too much and it’s likely tequila... 


For the exams, it might be jolly useful to learn the structures of alcohols... In fact, it might be essential 
QI Give the balanced equation for the complete combustion of ethanol, C; H,OH, [2 marks] 
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Acids 


80 you would have seen a little bit about carboxylic acids on the previous page. Now it's time to dive deeper 
into their exciting and wondrous world... (Disclaimer: may not be exciting or wondrous.) 


| Carboxylic Acids Have the Functional Group -COOH | 
1) Carboxylic acids are a homologous series of compounds that all have '-COOH' as a functional group. 
2) Their names end in '-anoic acid’ (and start with the normal 'meth/eth/prop/but') 


Малаа Acid Ethanois Acid Propancic Acid 


Mames andthe sume 
ol thee 
acids You could be M ied 


,H,C00H a id 


Й 
p 


| Carboxylic Acids React Like Other Acids | 


1) They react (like any other acid) with carbonates o produce a galt, water and carbon dioxide. 
2) шш formed in these reactions end in -anoate — e.g. methanoio acid will 
а methanonte, ethanoio acid an thanoate, 


ethanolic acid + sodium carbonate > sodium ethanoat 


3) Carboxylic acide con dissolve in water. When they dissolve, they ionise and release H* 
ions resulting in an acidic solution. But, because they don't ionige completely (not all the 
‘acid molecules release their H ions), they just rie weak acidio solutions. This means 
that they have а higher pH (are lese acidio) than aqueous solutions of strong acids with 
‘the same concentration. There's more about strong and weak acids on page 53. 


de from Carboxylic Acids | 3 The rame fees can bea ba 


1) Esters have the functional group '-000-'. : = к а min ohen ton 
2) Esters are formed from an alcohol and а carboxylic acid. E 


For example, tti йшй oan Бе rode hom айыра std anid fianak wifi n echt ceti 
н Mi rg н 
2d + wit pL N + of 
н ^он нн а н | 1 н 
нон 
CH,COOH C;H,OH CH;CO0C.H; њо 
Ethancic Acid Его Ethyl ethanoste Water 


What's a chemist's favourite chocolate? Ester eggs... 
So carboxylic acids react in the same way as normal acids, however they don't ionise fully in water which means 
they're weak acids. But let's not judge them on that basis, they can make esters after all. 
QI — Sodium carbonate is added to an aqueous solution of methanoic acid. 
а) Describe and explain what you would sce during this reaction, [2 marks] 
b) Give the word equation for this reaction, [I mark] 
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Condensation Polymers 


You might remember addition polymerisation from back on page 80, but there is another type of polymerisation 
that you could be asked about. This time the monomers need to have TWO functional groups — gasp. 


Polymers can be Made by Condensation Polymerisation 
1) Condensation polymerisation involves monomers which contain different functional groups. 
2) The monomers react together and bonds form between them, making polymer chains. 
3) For each new bond that forms, а small molecule (for example, water) is lost. 

This is why it’s called condensation polymerisation. 


4) Tho simplest types of condensation polymers contain two different types 
‘of monomer, each with two of the same functional groups. 
5) For example, here's how а polyester oan ШАШ ШШ 
be made by condensation polymerisation: IL. меер м 
АЛИП 
ES ym 
1 1 
Oy C- 
nuno] |o + n Й fe م‎ 
он он 


A diel A кањону acid 
Lg ethane dil £g heanedoi: acid 
HO.CH,CH,OH HOOCCH, CH; CH, CH-COOH 


Addition and Condensation Polymerisation are Different 


Both addition and condensation polymerisation produce polymers. 
However, the products and reactants are very different: 


Addition Polym 


Two monomer types each containing two 
Number of typos Only one monomer type Groa wars уда Foye: 


of monomer =C bond. 

кычышты orl LOC One monomer type with two different 
functional groups (see next page). 

ПОШ Only one product formed, | Wo tubes of produot Toc Ce 


Functional groups Gabon double Berd in 


involved in 
monomer. 
polymerisation 


Two reactive groups on each monomer. 


Revision’s like polymers — it’s all about stringing facts together... 
So, addition polymers are formed when identical monomers containing C=C bonds are joined together in a 
polymer chain. Condensation polymers are made when different monomers, or those with two different reactive 
functional groups, react together. Got it? It's a bit confusing but that table should help. 
QI — Suggest what small molecule can be produced during a 

polymerisation reaction to form a polyester 


Q2 Нок many products are formed by an addition polymerisation reaction? [1 mark] 


[1 mark] 
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Naturally Occurring Polymers 
pee sight sound futuristic and artificial but they're actually found throughout the natural world... 
_ Amino Acids have an Amino Group and a Carboxyl Group | 


1) An amino acid contains two different functional groups — 
а basic amino group (NH) and an acidio carboxyl group (COOH). К 9 


2) An example of an amino acid is glucine — — wf | Fon 
the smallest and simplest amino acid possible. k d ДА "e 
amino group carbonyl group 


Proteins are Polymers of Amino Acids | 


1) Amino acids сап form polymers known as polypeptides via condensation polymerisation. 
2) The amino group of an amino acid oan renot with the acid group of another, and во on, fo form a 
polymer chain. For every new bond that is formed а molecule of water is lost, 


TM 


н нн о 
LSU d no 
п ,N—O—C, — =O = 0) + nH,O 
ДЕ | 
н н 
п 
8) Опе or more long-chaing of polypeptides are known as proteins. Proteins have loads of important 
uses in the human body. For example, enzymen work an catalysts, haemoglobin transports oxygen, 
antibodies form part of the immune system, and the majority of bodu tissue is made from proteins. 
4) Polypeptides and proteins can contain different amino acids in their polymer chai 


The order of the amino acido is what gives proteins their different properties and chap 


DNA Molecules are Made From Nucleotide Polymers | 


DNA (deoxyribonucleic acid) is found in every living thing and many viruses. И contains genetic instructions 
that allow the organism іо develop and operate. На a large molecule that takes a double helix structure. 
1) DNA io made of {wo polymer chaine of monomers called IA Double Hel 
‘nucleotides’. The nucleotides each contain a small 
molecule known as a "рае", There are four different 
bases, known by their initials — A, C, б, Т. 
2) The bases on the different polymer chains pair up with 
each other and form cross links keeping the two strands of 
nucleotides together and giving the double helix structure, 
The order of the bases acts ac a code 
for an organism's genes. 


Naceotide stands 


[ 


Bases 


[ Simple Sugars Can Form Polymers 


1) Sugars are small molecules that contain carbon, oxygen and hydrogen. 
2) Sugars can react together through polymerisation reactions to form larger carbohydrate polymers, 
e.g. starch, which living things use to store energy, and cellulose, which is found in plant cell walls. 


Protein — not just for bodybuilders... 
Polymers are found everywhere in nature. You can't get away from them — trust me I've tried, Even the paper on 
age is made of cellulose fibres which are polymers. Like revision, there is no escape. 


Amino acids can bond together by condensation polymerisation 
State the type of polymer formed from this reaction. [тшк] 


Q2 — Give three examples of naturally occurring polymers. [3 marks] 
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Revision Questions for Topic 7 


Well, that wraps up Topic 7 — I think this was my favourite topic so far, along with 1, 2, 3, 4, 5, and 6... 
* Try these questions and fick off each one when you get it right. 
* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Hydrocarbons (p.75) [ ] 

1) What two elements do hydrocarbons contain? 

2) What is the general formula for alkanes’? 

3) Draw the displayed formula of butane. 

4) What two waste products form from the complete combustion of hydrocarbons? 
Crude Oil (p.16-77) 
5) How is crude oil formed? 

6) Where are the shortest carbon chaine found in the fractional distillation column? 
7) Give three products that can be made from crude oil. 

8) Why is cracking used? 

9) Give a product of cracking that is used for making plastics. 


Alkenes and Addition Polymerisation (p.78-80) 
10) What la on alkeno? 

1) Give the general formula for an alkene. 

12) Why do alkenes burn in air with а smoky flame? 

13) Name the molecule that ethene reacts with when it is hydrogenated, 

14) Draw the product of the reaction of ethene with bromine water. 

15) What is used to tost for alkenes? 

16) What type of compounds are used as the monomers to make addition polymers? 
17) Draw the displayed formula for the repeat unit of poly(ethene). 

Alcohols and Carboxylic Acids (p.81-82) 
18) Give the names and formulae of the first four alcohols. 

19) Give the balanced equation for the combustion of methanol. 

20) Name the gas that is produced when ethanol reacts with sodium. 

21) Name the process that converts sugar fo ethanol using yeast. 

22) Draw the displayed formula of C,H,COOH. 

23) Why are carboxylic acids considered weak acids? 

24) Give the general word equation for the reaction of an alcohol and a carboxylic acid. 
Condensation Polymerisation and Natural Polymers (p.83-84) 
25) How many different products are there in a condensation polymerisation reaction? 
26) What are polypeptides? 

27) What small molecule is lost when two amino acids react together to form а new bond? 
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Purity and Formulations 


In an ideal world, every compound a chemist made would be 1007% pure. Unfortunately, in the real world it 
doesn’t always work out like that — but luckily, there are ways to find out how pure a substance is. 


| Purity is Defined Differently in Chemistry to Everyday 


1) Usually when you refer to a substance as being pure you mean that nothing has been 
added to it, «o it's in its natural state. For example: pure milk or beeswax. 


2) In chemistry, а pure substance is something that only contains 
‘one compound or element throughout — not mixed with anything else. 


The Boiling or Melting Point Tells You How Pure a Substance Is | 


1) A chemically pure substance will molt or boil at a gpecific temperature, 
2) You can test the purity of a sample by measuring Ив melting or boiling point and comparing it 
with the melting or boiling point of the pure substance (which you can find from а data book). 
3) The closer your measured value is to the actual melting or boiling point, the purer your sample is. 
4) Impurities in your sample will lower the molting point and increase the melting range of your substance. 


5) Impurities in your sample will also increase the boiling point and 
may result in your sample boiling at а range of temperatures. 


Formulations are Mixtures with Exact Amounts of Components 


1) Formulations are useful mixtures with а precise purpose that 
made by following a ‘formula’ (a recipe). Each componant in a 
formulation is present in a measured quantity, and contribules to 2 me on mites = 
the properties of the formulation во that it meets Но required function. ВОТ, 


For example, paints are formulations composed of: 

* Pigment — gives the paint colour, for example titanium oxide is used as a pigment in white paints. 
* Solvent — used to dissolve the other components and alter the viscosity. 

* Binder (resin) — forms n film that holds the pigment in place after it's been painted on. 

* Additives — added to further change the physical and chemical properties of the paint. 


Depending on the purpose of the paint, the chemicals used and 
their amounts will be changed во the paint produced is right for the job. 


2) Formulations are really important in the pharmaceutical industry. For example, by altering the 
formulation of a рії, chemists oan make cure it delivers the drug to the correct 
body at the right concentration, that i's has а long enough shelf life. 
8) In everyday life, formulations can be found in cleaning products, fuels, 
‘cosmetics, fertilisers (see p.105), metal alloys and even food and drink. 29 


а) 


When you buy а product, you might find that it has information about its 
composition on the packaging. For example, the ratio or percentage of each 
‘component. This tells you the product's a formulation. Н also lets you 
choose a formulation with the right composition for your particular use. 


Cake and tea are key to the revision success formula... 

Knowing how pure a product is can be vital in industries such as pharmaceuticals and the food industry. 

for us, chemists have lots of different ways to make sure they're making exactly what they want. 

The melting point of a sample of aspirin made by a student is measured as being between 128-132 °С. 

‘The melting point and boiling points of pure aspirin are 136 °C and 140 °C respectively. 

a) Give two reasons why the melting point measured shows that the sample is not pure. 2 marks] 
b) Suggest a value for the boiling point of the sample, [1 mark] 
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Paper Chromatography | 


You met chromatography on page 16. Now it's fime to see how И works. Careful — things might get crazy... 


| Chromatography uses Two Phases ] 
Chromatography is an analytical method used to separate the cubstances in a mixture. You can then use it 
о identify the substances. There are different types of chromatography, but they all have two ‘phases’: 


* А mobile phase — where the molecules can move. This is always a liquid or a gas. 
* A stationary phase — where the molecules can't move. This сап be a solid or a really thick liquid. 

1) During a chromatography experiment, the substances in the sample constantly move between 
the mobile and the stationary phases — an equilibrium is formed between the two phases. 

2) The mobile phase moves through the stationary phase, and anything dissolved in the mobile 
phase moves with it. How quickly a chemical moves depends on how it’s ‘distributed’ between 
the two phases — whether it spends more time in the mobile phase or the stationary phase. 

‘The chemicals that spend more time in the mobile phase than the 

stationary phase will move further through the stationary phase. 

4) The components in a mixture will normally separate through the stationary phase, во long as all the 
components spend different amounts of time in the mobile phase. The number of spots may change 
in different solvents as the distribution of the chemical will change depending on the solvent. A pure 
substance will only ever form one spot in any solvent as thore is only ong substance in the sample. 


During paper chromatography the stationary phase is the chromatography paper Jii e 
(often filter paper) and the mobile phase lo the colvent (o.g ethanol or water). 

The amount of time the moloouloo apend in each phase depends on two thingo: 
* Ном soluble they are in the solvent. Beaker 

* Ном atiracted they are to the paper. 
Molcuee with a higher solubility in the solvent, and which 
to the paper, will spend more time in the 
piter ps — and they'll be carried further up the paper. = ' 


You can Calculate the R, Value for Each Chemical 3 


3) 


1) The result of chromatography analysis is called a chromatogram. 

2) An В, value is the ratio between the distance travelled by the dissolved substance (the solute) and the 
distance travelled by the solvent. The further through the stationary phase a substance moves, the 
larger the В, value. You can calculale R, values using the formula: Ба 

This is the distance by solvent 

from the baseline to (ми! on 

the centre of the spot. 


3) Chromatography is often carried out to see if a certain substance is 
present in a mixture, To do this, you run a pure sample of that substance 
(а reference) alongside the unknown mixture. If the R, values of the reference and one of the spots in 
the mixture match, the substance may be present (although you haven't yet proved they're the same). 
4) The R, value is dependent on the solvent — if you change the solvent the R; value 
for a substance will change. You can fest both the mixture and the reference in a number of 
different solvents. If the В, value of the reference compound matches the R, value of one of 
the spots in the mixture in all the solvents, then it's likely the reference compound is present 
in the mixture. If the spots in the mixture and the spot in the reference only have the came А, 
value in some of the solvents, then the reference compound isn't present in the mixture. 


Chromatography revision — it’s a phase you have to get through... 
You can’t see the chemicals moving between the two phases, but it does happen, You'll just have to trust me. 
QI — Explain how paper chromatography separates mixtures, [4 marks] 
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.. tests, glorious tests. Luckily, these aren't the kind of tests you have to revise for, but you 
dd pali revise these tests for your exam — it's swings and roundabouts really... 


There are Tests for 4 Common Gases | 


Chlorine bleaches damp litmus paper, turning it white. d 
1) Chlorine | (It may turn red for а moment first though — / 


that's because a solution of chlorine is acidic.) é 


If you put a glowing splint inside a test tube containing j 
2) Oxygen | gun the онип М alight he glowing spint. "dd 


Carb Bubbling carbon dioxide through (or shaking oarbon СО 
СЕООА de vith) an aqueous solution of еда уйй 
(known as limewater) causes the solution to turn eme e M ш Б 


уйго; If you hold a [i splint at the ороп end of a teat tube containing j 
4) Hydrogen] | d gen. you get a "anuntibi pon". {The notes comes fom рор! УК, 
the hydrogen burning quickly with the oxygen in the air to form H,0.) ° 


| Tests for Anions Often Give Precipitates 


Dilute Acid Can Help Detect Carbonates 


Carbonates aro substance that contain C0, lone, You oan tast whether a mystery solution contains 
carbonate ions by putting a sample in a teat tube and then using a dropping pipette to add a couple of 
drops of dilute acid. You should then connect the test tube to n test tube of limewnler. If carbonate 
ions are present, carbon dioxide will be released that will turn the limewater cloudy when it bubbles 


through H (м shown above). For example: гна CO. + ОНО, OO + NaCl, + Hz0y 


Test for Sulfates with НСІ and Barium Chloride 
To identify sulfate ions (80,*), use n dropping pipette to add a couple of 
drops of (HCI) followed by a couple of drops of barium 
chloride solution (BaCl;) to a fest tube containing your mystery solution. 
If sulfate ions are present, a white precipitate of barium sulfate will form: 


belore you do the test 
These would ab 


Test for Halides (CF, Br, Г) with Nitric Acid and Silver Nitrate | 


To identify a halide ion, add a couple of drops of dilute nitric acid (HNO,), followed 

by a couple of drops of silver nitrate solution, AgNO;, to your mystery solution. 
AS" iu) + СГ, ——> AgCl) А chloride gives a white precipitate of silver chloride. 
Ава + Bri ——> AgBr) A bromide gives a cream precipitate of silver bromide. 
МГ) + Гы —> Ай — An jodide gives a yellow precipitate of silver iodide. 


Hopefully this page won't be too testing for you. 
How to learn this page — don't stare at the whole thing till your eyes swim and you don’t want to see the word 
‘precipitate’ ever again, Each test has been given its own section, so take them one by one and learn it that way. 
QI — A student adds dilute nitric acid and silver nitrate solution to an aqueous solution of halide ions. 

A white precipitate is formed. Suggest what halide may be present in the solution. [1 mark] 
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Tests for Cations 


1 haven't met a person who doesn't like flame tests for positive ions — everybody loves 


Flame Tests Identify Metal Ions 


1) Compounds of some metals burn with a characteristic colour. 
vell ions by healing your substance and seeing whether it burns 


Potassium ions, K*, burn with a Мао flame. 
Calcium ions, Ca?*, burn with an orange-red flame. 
Copper long, Cu**, burn with a green flame. 

8) To do the test, you first need to clean a platinum wire loop by dipping it in some dilute HCI and then 


holding it in a blue flame from a Bunsen burnor until it burna without any colour. Then, dip the loop 
into the sample you want to test and put it back in the flame. Record the colour of the flame. 

4) You can use these colours to detect and identify different ions. However it only works for samples 
that contain a single metal ion. If the sample tested containe a mixture of metal lone, 
the flame colours of some ions may bo hidden by the colours of others. 


Some Metals Form a Coloured Precipitate with NaOH | 
1) Many metal hydroxides are insoluble and precipitate out of solution when formed. y 
Some of those hydroxides have a charaoteristic colour. 


2) So in this test you add a few drops of sodium hydroxide solution to a solution of your ки 
mystery compound — all in the hope of forming an insoluble hydroxide. 


8) If you get a coloured insoluble hydroxide you can often tell which metal was in the compound. 
Coloium, Са?" Ca? „, + 2OH "yy = Ca(OH)» i 
Copper(Il), Cu? Blue Cu uy + 20H, — бщОН), у 
iron(II), Fe?* Green, Fo?“ ay + ФОН = Fe(OH)» oy 
Iron(It!), Fe?* Brown Fe? у + ЗОН, — Fe(OH)a t) 
‘Aluminium, АВ Wilts af fet. Эн Joni ee N АР + ЗОН, — АҢОН), oy 
[йон Mg white Mg? jay 20H, > МЕ(ОН), oy 


ort need to know the equation for how the aluminium hydroxide precipitate dissolves 


Cations — ions with a pawsitive charge. 
Did you know that compounds containing metal cations are put into fireworks? And that when fireworks explode 
it's these metal cations that give fireworks their pretty colours? November Sth will never seem the same again. 

QI — Why can you use a flame test to identify the metal ion in a compound? [1 mark] 


Q2 Sodium hydroxide is added to a solution of an unknown metal ion. 
A white precipitate is formed which redissolves following the addition of excess NaOH. 
a) Suggest what the unknown metal ion is. [1 mark] 
b) Give the ionic equation for the formation of the precipitate. [1 mark] 
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Flame Emission Spectroscopy 


Ав well as producing pretty colours, the science behind flame tests can be used to identify different metal ions 
in solution accurately and find their concentrations. Phwoar, colours and science. This is my kind of page. 


Every Metal Ion Gives a Characteristic Line Spectrum 
1) During а sample ic placed in a flame. 


flame emission spectroscopy 
As the ions heat up their electrons become excited. When the electrons 
drop back to their original energy levels, they transfor energy as light. 


2) The light passes through a spectroscope, which oan detect different 
wavelengths of light to produce a line spectrum. 


8) The combination of wavelengths emitted by an ion depends on Ив charge and ite 
eleciron arrangement (see page 20), Since no two ions have the came charge 


and the same electron arrangement, different ions emit different wavelengths of light. 
o each ion produces a different pattern of wavelengths, and has a different line spectrum. 


4) Tho inlantily of the spectrum indicates the concentration of that lon in olution. 
5) This means that line spectrums сап be used to identify ions in solution and calculate their concentrations. 
like this: 


Flame Emission Spectroscopy Works for Mixtures 


Flame emission spectroscopy can also be used to identify different ions in mixtures. This makes it more 
useful than flame tests, which only work for substances that contain a singlo metal ion. 


For example, a solution containing different ions might give the following spectrum: 


You can compare this spectrum against reference spectra: 


The combination of the spectra for ion X and for ion Y gives the spectra for the 
sample tested — this suggests the mixture contains ion X and ion Ү. 


Machines can Analyse Unknown Substances | 
Chemists often use instrumental analysis (i.e tests that 


е machines), pu 
such as flame emission spectroscopy, instead of conducting tests. [Tr 
of Us ines: 
* Very sensitive — they can detect even the tiniest amounts of substances. 
* Very fast and tests can be automated. 


Very accurate. 


Spectroscopy — it’s a flaming useful technique... 


As you can see, there are nifty ways of identifying substances as well as things like your bog standard flame test. 
QI — Why might it be necessary to use flame emission spectroscopy 

instead of a flame test to identify metal ions? [2 marks] 
Topic 8— Chemical Analysis 
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The Evolution of the Atmosphere 


Thoories for how the Earth's atmosphore avolved have changed а lot over the years — i's hard to gather 
evidence from such a long time period and from s bnt gà (4.6 billion years). Here's one idea we've got: 


Phase 1 — Volcanoes Gave Out Gases | 


1) The first billion years of Earth's history were pretty explosive — the surface was covered in volcanoes 
that erupted and released lots of gases. We think this was how the early atmosphere was formed. 
The early atmosphere was probably mostly carbon dioxide, with virtually 
по oxygen. This is quite like the atmospheres of Mars and Venus today. 
З) Voloanie activity also released nitrogen, which built up 
in the atmonphore over time, ne well as water vapour 
and small amounts of methane and ammonia. 


Phase 2 — Oceans, Algae and Green Plants Absorbed Carbon Dioxide | 


1) When the water vapour in the atmosphere condensed, it formed the oceans. 
2) Lots of carbon dioxide wan removed from the early atmosphere ae it dissolves! in 
the oceans. Thin dissolved carbon dioxide then wont through a serios of reactions 
фо form carbonate precipitates that formed sediments on the seabed. 
З) Orsen plants and alone evolved and absorbed some of the carbon dioxide so 
that they could carry out photosynthesis (see below). Later, marine animals 
evolved. Their shell: and skeletons contained carbonntes from the oceans. 
Some of the carbon these organieme took in from the atmosphere and oceans 
became looked up in rocks and fossil fuels affer the organiame died. 
* When plants, plankton and marine animale die, they fall to the seabed and get 
layers of sediment. Over millions of years, thoy become 
and form sedimentary rocks, oil and gas — trapping the carbon within them 
and helping to keep carbon dioxide levels in the almonphere reduced. 
+ Things like coal, crude oil and natural gas that are made by this process are called "fossil fuels’. 
= Crude ой and natural gas are formed from deposits of plankton. Those fossil fuels form 
reservoirs under the seabed when they get rapped in rooks. 
* Cool is a sedimentary rock made from thick plant deposits. 
+ Limestone is also a sedimentary rock. It's mostly made of calcium carbonate 
deposits from the shells and skeletons of marine organisms. 


4) 


Phase 3 — Green Plants and Algae Produced Oxygen | 
1) Ae well as absorbing the carbon dioxide in the atmosphere, green plants and algae produced oxygen by 


photosynthesis — this is when plants use light fo convert carbon dioxide and water into sugars: 
2) Rem anei ap рон ar carbon dioxide + water me glucose + oxygen 
years or so, green plants also evolved. +  6H,O — CH;0, + 60, 


3) As oxygen levels built up in the atmosphere over time, more complex life (like animals) could evolve. 


4) Eventually, about 200 million years ago, the atmosphere reached a composition similar to what it is 
today: approximately 80% nitrogen, 20% oxygen and small amounts of other gases (each only makes 
up less than 1% of the atmosphere), mainly carbon dioxide, noble gases and water vapour. 


The atmosphere's evolving — shut the window will you... 


We've learnt about the atmosphere from Antarc! ¢ cores. +h усаг, a layer of ice forms with bubbles of air 
trapped in it. The deeper the ice, the older the air, so examining air in different layers shows us how it’s changed. 


QI — Describe how sedimentary rocks are formed. [2 marks] 
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Greenhouse Gases and Climate Change 


Greenhouse gases are important but can also cause problems — it's all about keeping a delicate balance. 


| Carbon Dioxide is a Greenhouse Gas | 


1) Greenhouse gases like carbon dioxide, methane 
vapour aot like an insulating layer in the Earth’ 
— this, amongst other factors, allows the Earth to be warm 
enough to support life. 

2) All particles absorb certain frequencies of radiation. Greenhouse 
gases don't absorb the incoming short wavelength radiation from the sun — but they do absorb 
the long wavelength radiation that gets reflected back off the Earth. Then they re-radiate it in all 
directions — including back towards the Earth. The longwave radiation is thermal radiation, so it 
rosulio in warming ‘of he surface of he Earth hi ia tho greenhouse effect. 

3) Some forms of human activity affect the amount of greenhouse gases in the atmosphere. E.g: 


* Deforestation: fewer traes means less CO, is removed from the atmosphere via photosynthesis. 
* Burning fossil fuels: carbon that was ‘locked up’ in these fuels is released as CO; 
+ Agriculture: more farm animals produce more methane through thoir digestive processes, 


* Озан иши mor Ший йй and more wasto frm agitur manne 
more CO, and methane rel of waste. 


Increasing Carbon Dioxide is Linked to Climate Change | 
1) The Enril 


tomporature varios naturally, but чон tho avorage femperaturo of tho 

irface has been ists agree that the extra carbon dioxide 
from human activity ie oausing thie inorease and that thie will load to glimato change. 
Evidence for this has been peer-roviewed (see page 2) — 
во you know that the information out there is reliable. 
Unfortunately, it's hard to fully understand the Earth's clim: this is because it's so complex, 
and there are so many variablon, thet H'a very hard to make a model tht on oversimplified. 
This has led fo speculation, particularly in the media — where — once 
stories may be biased or only some of the information given. = ИМИ 3 For mere S 


science in the media 


2) 


3) 


4) 


Climate Change Could Have Dangerous Consequences | 


The Earth's climate is complox, but it's still important to make prodictions about the 
consequences of climate change so that policy-makers can make decisions now. For example: 


1) An increase in global temperature could lead to polar ice caps melting — causing a rise in sea 
levels, in coastal areas and coastal erosion. 

2) CC in rainfall patterns (the amount, timing and distribution) may cause some regions to get 

ог too little water. This, along with changes in temperature, may affect the ability of 

= regions to produce food. 

3) The frequency and severity of storms may also increase. 

4) Changes in temperature and the amount of water available in a habitat may 
affect wild species, leading to differences in their distribution. 


Eee, problems, problems — there’s always summat goin’ wrong... 
Everyone's talking about climate change these days — it's pretty scary stuff, so make sure you get it 
QI — Describe three potential consequences of climate change. [3 marks] 
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W's generally accepted that greenhouse gas emissions from human activities is causing climate change. 
Knowing what leads to a lot of emissions of carbon dioxide could be useful for stopping it happening. 


Carbon Footprints are Tricky to Measure | 4 


1) Carbon footprints are baloelly a massure of the amount of garbon dioxide and other ао e e 
gases released over the full life cycle of something. That can be a service the school 
bus), an event (e.g. the Olymploo), a product (e.g. a toustia maker) — almost anything. e^ gP 

2) Measuring the total carbon footprint of something can be really hard, though — or even impossible. 

8) That's because there are во many different factors to consider — for example, you would have to count 
the emissions released ав a renult of sourcing all the parte of your toastie maker and in making it, not to 
mention the emissions produced when you actually une it and finally dispose of it. Eugh, complicated... 

4) Still, а rough calculation can give a good idea of what the worst emitters 
‘are — so that people can avoid them in the future. 


There are Ways of Reducing Carbon Footprints | Va 
You can't always measure a carbon footprint exactly, but there are always methods to try and reduce it. 


Anything that reduces the amount of (0.g. carbon dioxide or methane) given 
ouf by а provese wl also reduce Не cerbon footprint. Here are some thinge that oan be done: = ҖЫ 


* Renewable energy sources or ae could be used instead of fossil fuels. 
* Using more efficient processes could conserve energy and out waste. Lots of waste > 
decomposes to release methane, во a will reduce methane emissions, 
* Governments could tax companies or individuals based on the amount of greenhouse gases thoy 
emit. taxing cars based on the amount of carbon dioxide they emit over a set distance. 
could mean that people choose to buy ones that are more fuel-efficient and во less polluting. 
* Governments can also put a сар on emissions of all greenhouse gases that 
‘companies make — then gell licences for emissions up to that сар. 
» There's also technology that captures the CO, produced by burning fossil fuels before it's released into 
the atmosphere — it сап then be stored deep underground in cracks in the rock such ns old ой wells. 


But Making Reductions is Still Difficult | 


1) I's easy enough saying that we should cut emissions, but actually doing it — that's a different story. 
2) For a start, there's still a lot of work to be done on alternative 
technologies that result in lower CO, emissions. 
8) Alot of governments are also worried that making these changes will impact on the 
of communities — which could be bad for peopl 
This is particularly important for countries that are «till developing. 
4) Because not everyone is on board, it's hard to make international agreements to reduce emissions. Most 
countries don't want to sacrifice their economic development if they think that others won't do the same. 
5) It's not just governments, though — individuals in developed countries need to make changes to 
their lifestyles. But it might be hard to get people to make changes if they don't want to and if there P of 
isn't enough education provided about why the changes are necessary and how to make them. #7 


Who has the biggest carbon footprint then? Clowns of course... 
Carbon footprints are а game of ‘fortunately/unfortunately’. Unfortunately, carbon emissions can lead to global 
warming. Fortunately, there are steps we can take to cut our carbon dioxide emissions, Unfortunately, not 
everyones on board. Fortunately, as time goes on, people are doing more to reduce their emissions. And so on... 
QI State two things governments can do to try to reduce the greenhouse gas emissions of businesses. [2 marks] 
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Increasing carbon dioxide is causing climate change. But CO, isn't the only gas released when fossil fuels 
burn — you also get other nasties like oxides of nitrogen, sulfur dioxide and carbon monoxide. 


Combustion of Fossil Fuels Releases Gases and Particles | 


1) Fossil fuels, such as crude oil and coal, contain hydrocarbons. 
During combustion, the carbon and hydrogen in these compounds are oxidised = 


do ihat оно бомбе end welek vapour ere related Into the шнда. ИИ ДИПЛ E 


2) When there's plenty of oxygen, all the fuel burns — this is called complete combustion. 
3) If there's not enough oxygen, some of the fuel doesn't burn — this is called 
Under these conditions, solid particles (called particulates) of soot (carbon) and unburnt fuel 
released and carbon monoxide сап be produced as well ag carbon dioxide. 
Particulates in the air can cause all sorts of probleme: 
* If particulates are inhaled, they can get stuck in the lungs and 
cause damage. This can then lead to respiratory problems. 


tig rst bed for re ишш = Yos тинин or ө coude thay heh 
to produce, refleot sunlight back info space. This means that less light reaches 
global dimming. 


4) 


the Earth — causing 
5) 


II's not just partioulates from incomplete combustion that cause problems. 
Carbon monoxide 


ie рону nasty too, 


Carbon monoxide (CO) in really dangerous because it сап stop your 
blood from doing its proper job of carrying oxygen around the body. 
* It does this by binding to the huemoglobin in your blood that normally 
carries O — so less oxygen is able to be transported round your body. 
* A lack of oxygen in the blood can lead to fainting, a coma or even death. 
* Carbon monoxide doesn't have any colour or small, во it 
very hard to detect. This makes И even more dangerous. 


| Sulfur Dioxide and Oxides of. ‘Nitrogen Can be Released | 
) Sulfur dioxide (80,) is released during the combustion Ml c h DHL 


ЗО, gas reacts with water to Farm 


of fossil fuels, such as coal, that contain sulfur impurities = sii add. You can tet for ahr 
— the sulfur in the fuel becomes oxidised. impu in a fd by bubbling the gase 


2) Nitrogen oxides are created from a reaction between the lere eyr peh ч 


(This can happen in the 
3) When these gases mix with clouds they form dilute sulfuric 
acid or dilute nitric acid. This then falls as acid rain. 
4) Acid rain kills plants and damages buildings and statues. 
It also makes metal corrode. I's shocking. 
5) Not only that, but sulfur dioxide and nitrogen oxides can 


also be bad for human health — they cause respiratory 
problems if they're breathed in. 


Revision and pollution — the two bugbears of modern life 


Ессе... cars and fossil fuels — they're now! but trouble. But at least this topic is kind of interesting, what with its 
relevance to everyday life and all, Just think... you could see this kind of stuff on TV. 


Q1 Мате three potential pollutants that could be released as a result of incomplete combustion 
of hydrocarbons, that wouldn't be released as a result of complete combustion. [3 marks} 
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Revision Questions for Topics 8 & 9 


‘That's all for Topics 8 and 9. but before you breathe a sigh of relief, there are some questions to get through. 
* Try these questions and fick off each one when you get it right. 
* When you've done all the questions under а heading and are completely happy with it, tick it off. 


Purity, Formulations and Paper Chromatography (p.86-87) 
1) What is a formulation? 

2) What are the two phases called in chromatography? 

3) In paper chromatography, how many spots will a pure substance form on the paper? 
4) Dive the formula for working out the R; value of a substance. 


5) Would you expect the R; value of а substance to change if you 
changed the solvent used in the chromatography experiment’? 


Chemical Tests (p.88-89) [ ] 

6) What colour does litmus paper turn in the presence of chlorine? 
7) Desoribe a tost you could use to tost for the presence of carbons 
8) How do you conduot а flame test? 

9) What colour precipitate do iron(II) compounds form with sodium hydroxide? 

10) What occurs on addition of excess sodium hydroxide to a solution containing AP* ions? 


1) Give the ionic equation for the formation of a precipitate when a solution containing magnesium ions is 
reacted with sodium hydroxide. 


Flame Emission Spectroscopy (p.90) 
12) Describe how flame emission spectroscopy works. 
13) What does the intensity of a flame emission spectrum of а solution relate 10? 
14) Give three advantages of using machines to conduct chemical analysis. 


The Evolution of the Atmosphere (p.91) 


15) How do scientists think the atmosphere was formed 
during the first billion years or во of Earth's history? 


16) Name five gases that scientists think were present in the early atmosphere, 
17) Describe how the levels of carbon dioxide in the atmosphere were reduced. 
18) Write the balanced chemical equation for photosynthesis. 
19) State the approximate composition of the atmosphere today. 
Pollution and Climate Change (p.92-94) [ ] 
20) Name three greenhouse gases. 
21) Explain how the greenhouse effect works to keep the Earth warm. 
20) State three ways in which human activity is leading to an increase in carbon dioxide in the atmosphere. [_] 
23) What is a carbon footprint? 
24) Explain why reducing carbon dioxide emissions can be a difficult issue. 
25) Describe how the following air pollutants are produced: 

а) particulates, b) carbon monoxide, с) sulfur dioxide, d) nitrogen oxides. 
26) Why is carbon monoxide dangerous? 
27) Explain how acid rain forms. 
28) State two problems caused by acid rain. 


lone. 
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Ceramics, Composites and Polymers 


We've got very good at using materials from the earth to produce things we can use to make our lives easier. 


Ceramics Come in Many Different Forms | 


Ceramics are non-metal solide with high melting points that aren't made from carbon-based compounds. 
1) Some ceramics can be made from olay. 
2) Clay is a soft material when it's dug up out of the ground, во can be moulded into different shapes. 
3) When it's fired at high temperatures, it hardens fo form a olay ceramic, 
4) ив ability to be moulded when wet and then hardened makes clay ideal for making pottery and bricks. 
5) Another example of a ceramic is glass. Olnes is generally transparent, 
сап be moulded when hot and can be brittle when thin. 
6) Most glass made is soda-lime glaso, which is made by heating а mixture of limestone, gand and 
sodium carbonate (soda) until it melts. When the mixture coole it comes out as glass. 


7) Borosilionte glass has n higher melting point than soda-lime glans, I'a made in the same way 
ав soda-lime glass, using a mixture of sand and boron trioxide, 


|. Composites are Generally Майе of Two Different Materials 


Composites are made of one material embedded in another. Fibres oF fragments of а material 

(known as the reinforcement) are surrounded by a matrix acting as a binder. The properties of 

а composite depend on the properties of the materials it is made from. For example: 

1) Fibreglass consists of fibres of glass embedded in a matrix made of polymer (plastio). It has a low 
density (like plastic) but is very strong (like glase). I'e used for things like skis, boats and surfboards. 

2) Carbon fibre composites also have a polymer matrix. The roinforcemont is eithor made from long 
chains of carbon atome bonded together (carbon fibres) or from carbon nanotubes (see p.94). 
These composites aro vory wrong and light so are used in aerospace and sporta car manufacturing. 

3) Concrete is made from aggregate (a mixture of sand and gravel) embedded in cement. 
W's very strong. This makes it ideal for use a: |, e.g. in skate parks. 

4) Wood is a natural composite of cellulose fibres held together by an organic polymer matrix. 


Polymers Can Have Very Different Properties | 


‘Two important things can influence the properties of a polymer — how it's made and what it's made from. 
E men ‘the properties of poly(ethene) depend on the catalyst that was used 
the reaction conditions (the temperature and pressure) that it was made under. 
2 gu АШ la CneTe) is made from ethene at а moderate temperature under 
а catalyst. H's flexible and is used for bags and bottles. 
. PEER E EHE is also made from ethene but at a lowor temperature and 
pressure with a different catalyst. It's more rigid and is used for water tanks and drainpipes. 
The monomers that a polymer is made from determine the type of bonds that form between the polymer 
chains. These weak bonds between the different molecule chains determine the properties of the polymer: 
* Thermosofiening polymers contain individual polymer chains entwined together with 
weak forces between the chains. You can melt these plastics and remould them. 
= ThermoseHing polymers contain monomers that can form cross-links between the polymer chains, 
holding the chains together in a together in a solid structure. Unlike thermosoftening polymers, these 
polymers don't soften when they're heated. ThermoseHing polymers are strong, hard and rigid. 


People in soda-lime glass houses shouldn’t throw heated objects... 
Modern day composites are amazing. I reckon one will end up running the country — David Carbonron, 
QI Give one difference in properties between thermosetting and thermosofiening polymers. [1 mark] 
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Properties of Materials 


W's all very well making something, but the material it's made from needs to be fit for purpose. 
Different Materials are Suited to Different Jobs 


What materials are used for depends on their properties. You need to be able to interpret information about 
the properties of materials and decide how suitable these materials would be for different purposes. 


Ceramics include glass and clay ceramics such | | Polymers are insulators of heat and electricity, they 

as porcelain and bricks. They're insulators сап be flexible (they can be bent without breaking) and 
of heat and electricity, brittle (they aren't ге onsily moulded. Polymers have many applications 
very flexible and break easily) and stiff. including in olothing and insulators in eleotrical items. 
The properties of composites: Metals are malleable, good conductors of heat and 

depend on the matrix/binder and the | | electricity. duotile (they сап be drawn into vires), shiny 
reinforcement used 1o make them, and stiff (see p.23). Metals have many uses, including 

бо they have many different uses. in eleotrioal wires, car body-work, and cutlery. 


Suggest which material would be best for making the hull of a large ship. 
1) A ship's hull needs to be non-porous so it 
doesn't absorb water, and shouldn't corrode 
This rules out clay ceramic — it absorbs 
water so the ship could sink. 
Low carbon steel corrodes when unprotected, but 
its's cheap to protect so could still be suitable 
уо n 2) Ifthe hulfs brittle, it could suddenly break. 
Low carbon тин is non-porous, strong and can gla PUG, ERE vee 
be easly protected against corrosion. as Low carbon steel looks like the best choice. 


Pure Metals Don't Always Have the Properties Needed | N“ 
1) As you saw on page 35, the regular structure of pure metals = 
makes them soft — often too soft for u 
2) Alloys are made by adding another element to 

the metal. This disrupts the structure of the ренү 
metal, making alloys harder than pure metals. (01-03 carbon! 

3) For example, alloys of iron called steels are often used High eon te 
instead of pure iron. Steels are made by adding small 1022-25% eon) 
amounts of carbon and sometimes other metals to iron. f Stainless steel (chromium. 


Many other alloys are used in everyday Ме. ~ added, nd sometimes nickel 


* Bronze = Copper + Tin: Bronze is harder than copper. 

H's used to make medals, decorative ornaments and statues. 

* Brass = Copper + Zinc: Brass is more malleable than bronze and is used in situations 
where lower friction is required, such as in water taps and door fittings. 

* Gold alloys are used to make jewellery: Pure gold is very soft. Metals such as zino, copper, 
‘and silver are used to harden the gold. Pure gold is described ас 24 carat, so 18 carats means 
that 18 out of 24 parts of the alloy are pure gold. In other words, 18 carat gold is 75% gold. 

* Aluminium alloys are used to make aircraft: Aluminium has a low density which is an 
important property in aircraft manufacture. But pure aluminium is too soft for making 
aeroplanes so it's alloyed with small amounts of other metals to make it stronger. 


easily shaped 


very муо, 


comasion-resistant 
hard 


4) 


A brass band — harder than Iron Maiden... 
There's а perfect purpose for every material out there — makes me believe in love again. 
QI — Tothe nearest percent, what percentage of pure gold is in 14 carat gold? [1 mark] 
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Corrosion 


Some metals react "m ele in their environment, and this сап weaken them, 


Iron and Steel Corrode Much More than Aluminium | 
Corrosion is where metals react with substances їп their environment and are e destroyed. 
1) Iron corrodes easily. In other worde, it rusts fmm the word rust" олу used for the corona 
2) In order to rust, iron needs to be in contact with both oxygen and water, whioh are present i in ai. 


З) The stuff we call rust is actually the compound hydrated iron(II) oxi 
Here's the equation for it's formation: 


4) Corrosion only happens on the surface of a material, whore it’s exposed to the air. 
5) Unfortunately, rust is а soft crumbly solid that soon flakes off to leave ostii) o 
more iron available to rust again. This means that, eventually, all the iron fle 
in an object corrodes away even if it wasn't initially at the surface, my 
6) Aluminium also corrodes when exposed to air. Unlike iron objects, „ 
things made from aluminium aren't completely destroyed by corrosio 
This is because the aluminium oxide that forme when aluminium corrode 
dosen't flake away. In fact, it forms a nice protective layer that sticks 
firmly to the aluminium below and stops any further reaction taking plat 


| Both Air and Water are Needed for Iron to Rust | 


Experiments can show thal both oxygen and water are needed for iron to rust. 
1) M you put an iron nail in a boiling tube with just 
‘water, it won't rust. (The water is boiled to remove 
‘oxygen and oil is used to stop air gotting in.) Boiled water 
2) If you put an iron nail in a boiling tube with just air, it won't rust. 
(Calcium chloride can be used to absorb any water from the air.) 
3) However, if you put an iron nail in a 
boiling tube with air and water, it will rust. 


There are Two Main Ways to Prevent Rusting 


1) The obvious way to prevent rusting is fo coat the iron with a 
barrier to keep out the water and oxygen. This can be done by: 


* Painting/Gooting with plastio — ideal for big and small structures alike. И can be decorative too. 
* Electroplating — this uses electrolysis to reduce metal ions onto an iron electrode. 
1t can be used fo coat the iron with a layer of a different metal that won't be corroded away. 


* Glling/Grensing — this has to be used when moving parts are involved, like on bike chains. 


2) Another method is the sacrificial method. This involves placing a more m 
reactive metal such as zinc or magnesium with the iron. Water and oxygen 
then react with the sacrificial metal instead of with the iron. 


3) Some protection techniques employ both the methods above. For example: 


An object can be galvanised by spraying it with a costing of zino. 
protective, but if i's scratched, the zinc around the site of the scratch works as a sacrificial metal. 


The sacrificial method — chemistry sure is bloodthirsty... 

If you've wondered how Iron Man avoids rusting, he greases himself up and sends out Zinc Man if it's raining. 

d 

[2 marks] 


QI — Two nails are left in a test tube containing water and air for a period of time. One nail is galvanis 
the other is pure iron, Predict which nail will rust and give a reason for your answer. 
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Finite and Renewable Resources 


There are lots of different resources that humans use to provide energy for things like heating or travelling, 
ав well as for building materials and food. Some of these resources get replaced, some don't. 


Natural Resources Come From the Earth, Sea and Air | 


1) Natural resources form without human input. They include anything that comes 
from the earth, sea or air. For example, cotton for clothing or ой for fuel. 
2) Some of these natural products can be replaced by synthetic products or improved upon by man-made 
processes. For example, rubber ie a natural product that can be extracted from the sap of a tree, 
however man-made polymers have now been made which can replace rubber in uses such as tyres. 


3) Agriculture provides conditions where natural resources ean be enhanced for our needs. 
E.g. the development of fertilisers have meant we can produce a high yield of crops. 


Some Natural Resources will Run Out 


1) Renewable resources reform at a similar rate to, or faster than, we use thom. 

2) For example, timber is a renewable resource as trees can be planted following a harvest and only 
ako a few years to regrow. Other examples of renewable resources include fresh water and food. 

3) Finite (non-renewable) resources, aren't formed quickly enough to be considered replaceable. 

4) Finite resources include fossil fuels and nuclear fuels such ав uranium and plutonium. 
Minerals and metals found in ores in the earth are also non-renewable materials. 

Б) After thoy've been extracted, many finite resources undergo man-made processes 
to provide fuels and materials necessary for modern Ме le, fractions) PB 
distillation (see p.76) is used to produce usable products such as petrol from 
crude oil and metal ores are reduced to produce a pure metal (see p.56). 


FIRE 
EXIT 


Tables, Charts and Graphs can Give You an Insight Into Different Resources 
You may be asked to interpret information about resources in the exam. 


The table below shows information for two resources, coal and timber. 


Identify which is which. 
шишиги The time it takes for Resource 1 to reform is 10° times 
shorter than Resource 2 suggesting it is a renewable 
resource. Resource 1 is also a far less energetic fuel than 
Resource 1 | 7600-11400 10 years Resource 2, so is more likely to be timber than coal. 
Resource 2 |23000-26000] 10° years | Resource 1 is timber and Resource 2 is coal. 


und way of showing !OOO ООО. This is because 
О x 10 x 10 x 10 x 10 x 10 = 1000000, 


Extracting Finite Resources has Risks 
1) Many modern materials are made from raw, finite resources, 
for example most plastics, metals and building materials. 
2) People have to balance the social, economic and environmental effects of extracting finite resources. 
8) For example, mining metal ores is good because useful products can be made. It also provides local 


people with jobs and brings money into the area. However, mining ores is bad for the environment as 
it uses loads of energy, scars the landscape, produces lots of waste and destroys habitats. 


This book is a renewable resource — a gift that keeps on giving... 


Unfortunately we can’t just run around using every resource we get our hands on — we have to consider the 
impacts of our actions. If you ever start a major mining project think... What would David Attenborough do? 


QI — Using examples, state the difference between a finite and renewable resource. [2 marks] 
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Reuse and Recycling 


Many materials used in the modern world are limited. Once they're finished with, it's usually 
far better to recycle them than fo use new finite resources which will eventually run out. 


Chemistry is Improving Sustainability 


1) Sustainable development is an approach to development that fakes account of the 
needs of present society while not damaging the lives of future generations. 

2) As you saw on the last page, not all resources are renewable so it's unsustainable to keep using them. 

3) Ав well as using resources, extracting resources oan be unsustainable due to the amount of energy 


сап be unsustainable too, ав the process 
4) One way of reducing the use of finite resources ia for people to use less. 
This doesn't just reduce the use of that resource but alto anything needed to produce it. 
5) We can't stop using finite resources altogether, but chemists can develop and adapt processes that 
use lower amounts of finite resources and reduce damage to the environment. For le, chemists 
have developed catalysts that reduce the amount of energy required for certain industrial processes. 


Copper-Rich Ores are in Short Supply | 


1) Copper is a finite resource, One way to improve its sustainability is by extracting it from low-grade 
ores (ores without much copper in). Scientists are looking into new ways of doing thi 


+ Biolenching — bacteria are used to convert copper compounds in the ore into soluble copper 
CST espere өш fhe soper hom fh ee . The 


— thia loves growing planta ntl tat contin copper The planta cr une or etd of he copper 
H gry buds up othe las, Tho planta con be Шей, did and bred in a furnace. The ah contain oolubie 
copper compounds from. Sh epe t bh isle Pu eS lei vn bo 
2) Traditional methods of copper mining are pretty damaging to the These 
methods of extraction have a much anlar зш}, but the disadvantage is that they're de 


| Recycling Metals isi Important | ED rin CT 3 ie eh “чы A 


1) Mining and extracting metals takes lote of energy, moet of which comes from burning fossil fuels. 
2) Recycling metals offen uses much lans energy than ie noeded to mine and extract new mot 
the finite amount of each metal in the earth and cute down on th 
8) Metals are usually reoycled by melting them and then casting them into the shape of the new product. 
4) Depending on what the metal will be used for after recycling, the amount of separation required for 
recyclable metals can change. For example, waste steel and 
iron can be kept together as they can both be added to iron 
in а blast furnace to reduce the amount of iron ore required. 


Glass can Also be Recycled | 

Glass recycling can help sustainability by reducing the amount of energy needed їо make new glass 
products, and also the amount of waste created when used glass is thrown away. 

1) Glass bottles can often be reused without reshaping. 


2) Other forms of glass can't be reused so they're recycled instead. Usually the glass 
is separated by colour and chemical composition before being recycled. 

8) The glass is crushed and then melted to be reshaped for use in glass products such as bottles or jars. 
If might also be used for a different purpose such as insulating glass wool for wall insulation in homes. 


CGP Jokes — 85% recycled since 1996... 
Recycling is really handy — as well as saving limited finite materials it also saves energy. 
Qi Give three positiv 


flects of recycling metals. [3 marks] 
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Life Cycle Assessments 


Ifa company wants to manufacture a пем product, they carry out a life oycle assessment (LCA). 


_Life Cycle Assessments Show Total Environmental Costs | 
A life cycle assessment (LCA) looks at every stage of a product's life 


t 


© outing the Raw Materials: 


о assess the impact it would have on the environment. 


1) Extracting taw materials needed for a produot oan damage the local environment, e.g. mining 
metals. Extraction can also result in pollution due to the amount of energy needed. 


2) Raw materials offen need fo be procensed to extract the desired materials and this often needs ==; 


large amounts of energy. E.g. extracting motala from оте or fractional distillation of crude ой. 


Ө Manufacture and Packaging 


1) Manufacturing products and their packaging oun use о lot of anergy resources and can also 
couve a lol of pollution, eg. harmful fures such as carbon monoxide or hydrogen chlorido. 


2) You also need fo think about any wanta produots and how to dispose of them. The chemical reactions 


used о make compounds from their raw material can produce waste products, Bome waate can 


бра 


1) The use of a product con damage the environment. 


‘ends up polluting the environment. 


2 


Products are often disposod of in landfill өйөө. 


For example, burning fuel releases greenhoune аде) This takes up apace and pollutes land and water, 
and other harmful aubstanoas. Eerilters con laach nto df point wanhes off a product and gets into rivers. 
streams and rivers causing damage to oosystoms. 2) Energy is used to transport waste to landfill, which 

2) How long п product la used for or how many unes It els ie ‘causes pollutants to be released into the almoaphere. 


uho а factor — products thut need lols of enargy fo produce 


ровон аин билм). 
bul are used for ges mean [ss wanta ho шшр rns enm + >а 


You Can Compare Life Cycle Assessments for Plastic and Paper Bags 


Crude oil 


Timber 


The compounds needed to make the plastic are extracted from crude oll 
ОИ эсле flowed by cracking and then polymerisation 


Waste is reduced as the other Iraetions of crude oil have other вех | NY Loti ofwi 


Puiped timber is proces 


Using the Pr Can be rend 
d > Can be used for other things as wel as shopping, for example bin Ме 


Usadly only ws 


ES Recyclable but not biodegradable and wil take 
x pace in Landi and pollute land. 


Biodegradable, non tovc and 


tan be recycle 


There are Problems with Life Cycle Assessments 


The use of energy, some natural resources and the amount of certain types of waste 
produced by a product over i's lifetime can be easily quantified. But the effect of some 
pollutants is harder to give a numerical value fo. E.g. it's difficult to apply a value fo the 


1) 


2) 


3) 


Ne 


negative visual effects of plastic bags in the environment compared to paper ones. 


So, producing an LCA is not an objective method as it takes into account the values 


of the person carrying out the assessment. This means LCAs can be biased. 
Selective LCAs, which only show some of the impacts of а product on the 
environment can also be biased as they can be written to deliberately support 
the claims of а company, in order to give them positive advertising. 


ed exercise? Go life-cycling then... 


Life cycle assessments have shown that even though plastic bags aren't biodegradable, they take less 
energy to make and have a longer lifespan than paper bags, во may be less harmful to the environment. 


In the exam you may be asked to evaluate the use of different materials for a particular product, using an LCA. 


о! 


What are the four stages that need to be considered to conduct a life cycle assessment? 


[4 marks) 
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We all need safe drinking water. The way that wal 


| Potable Water is Water You Can Drink | 


(l) Potable water is water that's been treated or is naturally safe for humans to drink — it's essential for Ме. 
2) Chemists wouldn't call it pure, though. Pure water only contains H,O molecules 

whereas potable water can contain lots of other dissolved substances. 
3) The important thing is that the levels of dissolved salts aren't too high, that it has a pH between 6.5 

‘ond В.Б and also that there aren't any nasties (like bacteria or other microbes) swimming around in Н. 


| The Way that Potable Water is Produced Depends on Where You Are | 


1) Rainwater is a type of fresh water. Fresh water is water that doesn't have much dissolved in it. 

2) When it rains, water can either collect as surface water (In lakes, rivers and reservoirs) 
or as groundwater (in rocks called aquifers that trap water underground). 

8) In the UK, the source of fresh water used depends on шии. Surface water tends to dry up first, so 
in warin areas, e.g. the south-east, most of the domestic water supply comes from groundwater. 

4) Even though И only has low levels of dissolved substances, water from these fresh woler sources still 
needs to be {renter о make it safe before it can be used, This process inclu 


Filtration — a wire mesh screens out large twigs eto, 

and then gravel and sand beds filter out any other solid bits. 

*  Storilisation — the water is storiliged to kill any harmful 
bacteria oF microbes. This can be done by bubbling chlorine 
gas through it or by using ozone or ultraviolet light. 

5) In some very dry countries, e.g. Kuwait, there's not enough 
surface or groundwater and instead pon water munt be 
treated by desulinetion to provide potable water. 


6) Distillation can be used to dosolinolo sea water. 
Here's how you can test and distil water in the lab: 


* Firat, test the pH of tho water using a pH moter. If the pH is too high or too low, 
you'll need fo neutralise it. You can do this with a titration (see p.52), but use a pH 
{ell you when the solution's neutral, rather than an indicator, as this won't contaminate the water. 

* You should also test the water for the presence of sodium chloride (the main salt in seawater). 

To test for sodium ions, do a flame tes! on a small sample (see p.89). If sodium ions are. 
present the flame will turn yellow. To test for chloride ions, take another sample of your water 
and add a few drops of dilute nitric acid, fenced bye a Sev repe of Машан кїй; 

If chloride ions are present, a white precipitate will 

* То distil the water, pour the salty water into a RES apparatus, like the one on p.18. Heat the 
flack from below. The water will boil and form steam, leaving any dissolved salts in the flack. The 
steam will condense back to liquid water in the condenser and can be collected as it runs out. 

* Then, retest the distilled water for sodium chloride to check that it has been removed. 

Also retest the pH of the water with a pH meter to check that it's neutral (has a pH of 7). 


7) Sea water can also be treated by processes that use membranes — like reverse osmosis, 
The salty water is passed through а membrane that only allows water molecules to pass through. 
lons and larger molecules are trapped by the membrane во separated from the water. 

В) Both of distillation and reverse osmosis need loads of energy, so they're 
really expensive and no! practical for producing large quantities of fresh water. 


Potable water — nothing to do with gardening... 
Distilling salty water could be useful if you ever end up stranded on a desert island. Oh, and for your exams too. 
QI — Describe the steps you could take to treat water from a groundwater source to make it potable. — [2 marks] 
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Waste Water Treatment 


It might not be pretty, but dealing with our waste is really important to ensure that we don't pollute the 
natural environment — it also means that we can access пі . Super. 


Waste Water Comes from Lots of Different Sources | 


1) We use water for lots of things at home — like having a bath, 
going to the toilet, doing the i When gou flush. 
this water down the drain, it goos into the sewers and towards 


8) Sewage from domestic or agricullural sources has to be treated to remove any organic 
matter and harmful microbes before it can be put book into freshwater sources like бш 
or lakes. Otherwise it would make them very polluted and would pose 


Industrial processes such as the Habar Process (seo the next page) also 
produce a lot of waste water that has to be collooted and fronted. 


5) Ав well as orgonio matter, industrial waste water can also contain harmful chemicals — во it has 
to undergo additional stages of treatment before it it safe fo release it into the environment. 


Sewage Treatment Happens in Several Stages | 
water af sewage treatment plants include: 


fluent 


QD sedimentation m T БЫ 
2 EL ЕБ 
c released back into 


the er 


1) Beforo being troated the sewage in 
— this involves removing 

‘ony large bito of material (like twigs or ~ 
plastic bags) as well as any grit. 

2) Then it’s allowed to gland in а gottloment tank _ fe 
and undergoes sedimentation — the heavier (0): " Lir te 
‘suspended solids sink to the bottom to produce Ф 
sludge while {һө lighter effluent floats оп the top. 

3) The offluent in the settlement tank is removed and treated by biological aerobic 
digestion. This is when air is pumped through the water to encourage aerobic bacteria 
to break down any organic matter — including other microbes in the water. 

4) The sludge from the bottom of the settlement tank is also removed and transferred into. 
large tanks. Here it gets broken down by bacteria in a process called 

5) Anaerobic digestion breaks down the organic matter in the sludge, releasing 3 Ana s+ means wth 
methane gas in the process. The methane ges сап be used as an energy 
source and the remaining digested waste can be used as a fertiliser. 


natural gas 


oxygen, whereas anaerobi 


6) For waste water containing toxic substances, additional stages of treatment may involve 


adding chemicals (e.g. to precipitate metals), UV radiation or using membranes. 
‘Sewage treatment requires more processes than treating fresh water but uses less energy than 
the desalination of salt water, so could be used as an alternative in areas where there's not 
much fresh water. For example, Singapore is treating waste water and recycling it back into 
drinking supplies. However, people don't like the idea of drinking water that used to be sewage. 


Is it just me, or does this page stink? Phew... 
Modern sewage systems have done wonders to make life in developed countries much less... well... smelly. 
QI List three stages of treatment that domestic sewage undergoes at a sewage treatment plant. [3 marks] 
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The Haber Process 


This is an important industrial process. И produces ammonia (NH,), which is used to make fertilisers. 


Nitrogen and Hydrogen are Needed to Make Ammonia 
ıd nitrogen using the following reaction: 
(+ heat) 


Thi reaction ie wall uted for n Industrial воо ae the reactants aren't too difficult or expensive to obtain. 


1) The nitrogen is obtained easily from the air, which is 78% nitrogen. Hydrogen and nitrogen 


2) The hydrogen mainly comes from reacting methane (from natural "چ‎ эг 
gas) with steam to form hydrogen and carbon dioxide. 


8) The reactant gases are panood over an iron catalyst. A high omperature ” 
(450 °C) and a high pressure (200 atmonpheres) are used. T 
4) Because the reaction is reversible (it occurs in ИШДИ a ES 
both directions), some of the ammonia produced _ "109 7275 - 
into hydrogen and nitrogen again. Су = 50°C, 
M eventually reachos a dunamio equilibrium. KILS 200 ат 


5) The ammonia is formed as a gas, but as Н coole in the. 
condenser it liquefies and is removed, The unused hydrogen 
(H,), and nitrogen, (N,), are recycled, so nothing is wasted. 

6) The ammonia produced соп then bo used to make ammonium nitrate 
— n very nilrogen-rich fertiliser (see next page). 


Unused hydrogen 
and trogen i recycled 


Condenser 


The Reaction is Reversible, So There's a Compromise to be Made 


1) You might remember from page 68 that corlain conditions, such 
ав the temperature and pressure, can f 
2) These factors сап also affect the position of equilibrium for a reversible reaction — and sometimes 
there is a trade-off between increasing the rate and maximising the yield (see page 49) “зин; 
3) For example, the forward renotion in the Haber process in exothermic. ' 
That means that increasing the temperature will move the equilibrium 
the wrong way — away from ammonia and towards nitrogen and hydrogen. 
Зо the yield of ден oil Ls greater at lower temperatures. 


4) The trouble is, lower temperatures mean a slower rate of [ Graph showing ihe sec ol preset on raie ol radon 
reaction (and во equilibrium is reached more slowly). 


5) The 450 °C is a compromise between maximum yield 


and speed of reaction. W's better to wait just 
20 seconds for a 10% yield than to have to wait 


60 seconds for a 20% yield. 

6) Higher pressures move the position of equilibrium 
Towards the products since there are four molecules of 
gas on the left-hand side for every two molecules on 
the right. бо increasing pressure maximises the 
percentage yield. If also increases the rate of reaction. 


Amount АЗ е pressure increases, the ine 


of i 7 чере — so the rate increases 


As the pressure 
increases, the 
Уе of ammoria 
ako increases 


7) So the pressure is set as high as possible, without making the process too expensive to or 
dangerous fo build and maintain. Hence the 200 atmospheres operating pressure. 


8) And finally, the iron catalyst makes the reaction go faster, but doesn't affect the yield, 


You need to learn this stuff — go on, Haber go at it... 


The trickiest bit of this page is remembering that temperature is raised not for a better equilibrium, but for speed. 
Remember that industries have to consider costs — so a higher pressure may give a better yield, but it's not cheap. 


QI — What are the industrial conditions used in the Haber process and why? [3 marks] 


Topic 10 — Using Resources 


108 


NPK Fertilisers 


Fertilisers allow us to keep growing crops on the same land every year — thanks to our old friend ammonia. 


_NPK Fertilisers Provide Plants with the Essential Elements for Growth | 


1) Farmers used to use manure to fertilise fields, Formulated fertilisers are better as they're more widely 
available, easier to use, don't smell and have just enough of each nutrient so more crops can be grown. 

2) The three main essential elements in fertilisers are nitrogen, phosphorus and potassium. 

If plants don't got enough of those elements, their growth and life processes are affected. 
These elements may be missing from the вой if they've been used up by a previous crop. 

3) Fertilisers replace these missing elements or provide more of them. This helps to increase 
the crop yield, ав the crops сап grow faster and bigger. For example, fertilisers add more 
nitrogen to plant proteins, which makes the plants grow fastor — increasing productivity. = 

4) МРК feelilisers are formulations containing salta of nitrogen (N), phosphorus (P) 

‘and potassium (К) (hence, "NPK") in the right percentages of the elements, 


Ammonia is Used to Produce Nitrogen-Containing Compounds | 


1) Ammonia oun be reacted with oxygen and watar in a series of reactions to make pitrio acid. 

2) You can also react ammonia with acids, including nitric acid, to get ammonium salis. 

3) Ammonia and nitrio acid react together to produce ammonium nitrate — thie is an 
‘compound to use in a fertiliser because it has nitrogen from two sources. 


МН, у F HNO, у = МНМО, pay 


Ammonia + Nitric acid => Ammonium nitrate 


4) This reaction ia carried out differently in industry to how it in done in the lab. 
You may be asked to compare differences between the different methods in your exam: 


In Industry In the Lab 
The reaction is carried out in giant vals, Тһе reaction is carried out on a much smaller scale by 


at high concentrations resulting in a very titration and crustallisation. The reactants are at a much 
‘exothermic reaction, The heat released lower concentration than in industry, во less heat it 


pecially good 


ie used to evaporate water from the produced by the reaction and it's safer for a person to 
mixture to make a very concentrated carry it out. After the titration, the mixture then needs 
iium nitri duct. 4o be orystallised to give pure ammonium nitrate crystals. 


2 уон get asked to 


Crystallisation isn't used in industry because it's very slow. 
Ала raton or erptallatin 


ger youl b pen ай the dta you e 


you 


» - Potassium chloride and potassium sulphate « can be mined : and used a ав a source of potassium. 
2) Phosphate rock is also mined. However, because the phosphate 
salts in the rock are insoluble, plants can't use them as nutrients. 


3) Reacting phosphate rock with a number of different types of acids produces soluble phosphates: 


* Reaction with nitric acid produces phosphoric acid and calcium nitrate. 
* Reaction with sulfuric acid produces calcium sulfate and 

calcium phosphate (this mixture is known as 
* Reaction with phosphoric acid only produces calcium phosphate 

(the product of this reaction can be called triple superphosphate). 


There’s nowt wrong wi’ just spreadin’ muck on it... 
Not the most thrilling of pages, I'm afraid, Just loads of reactions for you to learn... It's important stuff, though. 
QI — Suggest a source of potassium in an NPK fertiliser. [1 mark] 
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Revision Questions for Topic 10 


Topic 10 — done. Now is as good a time as any to have another read back over the section. 

* Try these questions and tick off each one when you get it right. 

* When you've done all the questions under a heading and are completely happy with it, tick it off. 
Properties and Uses of Materials (p.96-97) [ ] 

1) How is soda-lime glass made? 

2) Give three examples of composite materials, 


9) Describe the differences in the properties of low density poly(ethene) and high density poly(ethene).. 


4) Name two elements that can be added lo iron Юю make stainloss 
5) What two metals is bronze made of? 
6) Give two uses of brans. 


Corrosion (p.98) [C] 
7) What two substances does iron react with when it ruste? 


8) Aluminium objeote can corrode, Why ia aluminium not completed destroyed by corrosion? 
9) Suggest three ways of making п barrier that соп be used to protect an iron object from rusting. 
10) Suggest one metal that can be used in the sacrificial method to prevent rusting. 


Chemistry and Sustainability (p.99-101) 


П) Give two examples of renewable resources. 

12) Suggest one way in which chemistry it improving sustainability. 

13) State two methods that can be used to extract copper from low grade ores, 

14) Othor than recycling, how can glass bottles bo used in inablo way? 

15) What do life oyolo assessments (LCA) do? 

Potable Water and Waste Water Treatment (p.102-103) [C] 

16) What is potable water? 

17) Suggest a couroo of fresh water, 

18) Describe how you could distil seawater in the lab. 

19) What other method could you use for making sea water potable? 

20) Name three different sources of waste water. 

21) Why is it important to treat waste water before releasing it into the environment? 
22) What type of waste water could contain harmful chemicals? 

28) What two products can be obtained by the anaerobio digestion of sewage sludge? 


The Haber Process (p.104) [ ] 

24) What is the balanced symbol equation for the Haber process? 

25) From what source is the hydrogen used in the Haber process obtained? 
26) What happens to the unused hydrogen and nitrogen in the Haber process? 


NPK Fertilisers (p.105) [ ] 
27) What three elements are present in NPK fertilisers? 


28) What substances сап be reacted with each other to produce the following: 
a) ammonium nitrate, b) phoaphorio acid and calcium nitrate, o) oaloium phoophate only? 
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Practical Skills 107 
Practical Techniques | 
Safety specs out and lab coats on, it's time to find out about the skills you'll need in prot. ally time 
to look like a real scientist... hurrah! But you also need fo know about this stuff in your exams... 
Solids Should Be Measured Using a Balance | 
) 
2) 
3) 


To weigh a solid, start by putting the container you're weighing your substance into on the balance. 
Set the balance to exactly zero and then start weighing out your substance. 


Is no good carefully weighing out your solid if it's not all transferred to your reaction vessel 
reaction vessel 


— the amount in the won't be the same as your measurement. Here are a couple 
of methods you can use fo make sure that none gets left in your weighing container 


* you're solid in a solvent to make a solution, 
you could wash any remaining solid into the new container using the golvent. 


You could set the balance to zero before you put your weighing container on the balance. 
Then reweigh the weighing container after you've transferred the soli 

Use the difference in mass fo work out exactly how much solid you added to your 
Three Ways to Measure Liquids 


There aro а fow methods you might use to measure the ( 


volume OF a quid. Whichever mathod you use, shaya ^ W 
road tho volume from the 


bottom of the meniseus 
(the curved upper surface of the liquid) when it's at eye level. 


Pipettes are long, narrow tubes that are used to suck up an accurate volume of 
liquid and transfer it to another container. А d to the end 
of the pipette is used во that you onn safely control the amount of liquid you're 
drawing up. Pipettes are often calibrated to allow for the fact that the last drop of 
liquid stays in the pipette when tho liquid ie ejeotad. This reduces 


| | Burattes measure from top to bottom (во when they're filed to the top 
of the scale, the scale reads zero). They have a tap at the bottom which 

{ you can use to release the liquid into another container (you сап even 
release it drop by drop). To use a burette, take an 

i once you've released as much liquid as you want, take a ГТ » 

| [The difference between the readings tells you how much liquid you used. |, 


are the most common way to measure out a liquid. 

They come in all different sizes. Make sure you choose one that's the right size for 
the measurement you want їо make. Н' no good using a huge 1000 ст? cylinder 
to measure out 2 om? of a liquid — the graduations will be too big, and you'll end 
up with massive errors. I'd be much better fo use one that measures up to 10 om’. 


Gas Syringes Measure Gas Volumes | 


the 


Gases can be measured with а gas syringe. They should be measured at room temperature and pressure 
ав the volume of a gas changes with temperature and pressure. You should also use a gas syringe that's 
tight size 


s 
for the measurement you're making. Before you use the syringe, you should make sure it's 
completely sealed and that the plunger moves smoothly. 
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Practical Techniques 


Measure Temperature Accurately | 


You can use a thermometer to measure the temperature of a substance: 

1) Make sure the bulb of your thermometer is completely submerged in any mixture you're measuring. 
2) If you're taking an initial reading, you should wait for the temperature to stabilise first. 

3) Read your measurement off the scale on a thermometer at eye lovel to make sure it's correct. 


You May Have to Measure the Time Taken for a Change — 


1) You should use a stopwatch to tine experiments, These measure to the nearest 0.1 s во are sensitive. 
2) Always make sure you stor! and slop the stopwatch at exactly the right time. For example, if you're 
investigating the rate of an experiment, you should start timing at the exact moment you mix the 
reagents and start the reaction. If you're measuring the time taken for a precipitate to form, 

you should watch the reaction like а hawk во you сап siop timing the moment it goes cloudy. 


Measure pH to Find Out How Acidic or Alkaline a Solution Is 


You need to be ablo to decide tho best method for monsuring pH, depending on what your experiment is. 
1) Indicators are dyes that change colour depending on whether thoy're in an acid or an alkali 
You use them by adding a couple of drops of the indicator to the solution you're interested in. 
They're useful for titration reactions, when you want to find the point at which a solution is neutralised. 
2) Universal indicator is а mixture of indicator that changes colour gradually as pH changes. It doesn't 
show а gudden colour change. Ie uceful for estimating the pH of a solution based on ite colour. 
3) Indicators соп be soaked into paper and strips of this papor AE 


oan be used for testing pH. If you use a dropping pipette to 
оро! а отой amount of a solution onto some indicator paper, „| conditions and blue in реда ond: 


if will change colour depending on the pH of the solution. 7| t vg re ari 
estimate colour. 

Indicator paper is useful when you don't want fo change the Spi besos on Sees. 

colour of all of the substance, or if the substance is already coloured so might obscure the colour 

of he indicator. You can also hold а piece of damp indicator paper in а gas sample to test ite am 

5) pH probes are attached to pH meters which have a digital display that gives a numerioal = 

value for the pH of a solution. They're used to give an acourate value of pH. : 


Be Careful When You Handle or Mix Substances 

1) There are lots of hazards in chemistry experiments, so before you start any experiment, 
you should read any safety precautions to do with your method or the chemicals you're using. 

2) The substances used in chemical reactions are often hazardous. For example, they might catch fire 
easily (they're flammable), or they might irritate or burn your skin if you come into contact with them. 

3) Whenever you're doing an experiment, you should wear a lab coal, safely goggles and gloves. 

4) Always be careful that the chemicals you're using aren't flammable before you go lighting 
any Bunsen burners, and make sure you're working in an area that's well ventilated. 

5) If you're doing an experiment that might produce nasty gases (such as chlorine), you should carry out 
the experiment in а fume hood со that the gas can't escape out into the room you're working in. 

8) Never directly touch any chemicals (even if you're wearing gloves). Use a spatula to transfer solids 
between containers. Carefully pour liquids between different containers, using a funnel to avoid spillages. 


7) Be careful when you're mixing chemicals, as a reaction might occur. If you're diluting a liquid, add the 
concentrated substance to the water (not the other way around) or the mixture could get very hot. 


4) 


The Tempipettes and MacBurette — Shakespeare for chemists... 
It's no good throwing chemicals around willy nilly and calling it an experiment. To make sure your results are 
reproducible, so can be trusted by other scientists, you have to make sure all your measurements are accurate. 
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Setting Up Equipment 


Setting up the equipment for an experiment correctly is just as important as making accurate measurements. 


. To Collect Gases, the System Needs to be Sealed ug 

1) There ere times when you might went to collect the ges produced tube 1 
by a reaction. For example, to investigate the rate of reaction. es 

2) The most accurate way to measure the volume of a gas that's >} rection : 


been produced ie to collect it in a gas syringe (see page 107). eem | ты MENS 
8) You could also collect it by displacing water from a measuring oylinder. Here's how you do i... 
+ Fil a measuring cylinder with water, and carefully place И upside down in а container of water, 
Record the inal level ofthe water inthe measuring ойде. bled 


* Position a delivery tube coming from the reaction vessel so Rue 


‘that it's inside the measuring cylinder, pointing upwar р water 
Any gas that's produced will pass through the delivery 3 and upturned та 
tube and into the measuring oylinder. Ав the gas entera mature beaker of water 


‘the measuring cylinder, the water ie pushed out. 

* Record the level of water in the measuring cylinder and use thie valuo, —. ıı 
along with your initial value, to caloulate the volume of gas produced, = thx 
4) This method is lean accurate than using a gas syringe to төште the E 
volume of gas produced. This is because вото gases сап dissolve in water, = 

во less gas ends up in the measuring oylinder than 
5) If you just want to collec! a sample to test (and don't need to know the volume), you can collect it over 
water, as above, using a tast tube. Once the test tube is full of gas, stopper it to store the gas for later. 


You May Have to Identify the Products of Electrolysis | 


1) When you electrolyte an aqueous solution, the products of electrolysis will depend лг С 
оп how reactive the ions in the solution are compared to the H* and OH" ions that come from water. 
2) At the cathode you'll either get a pure metal conting inverted test tube ө produced at 
sees 


the electrode or bubbles of hydrogen gas. filed wth solution, 
3) At the anode, you'll get bubbles of oxygen gas unless j 
а halide ion is present, when you'll get the halogen. dectrodes D 
4) You may have to predict and identify what's been made in an «des f 
electrolysis experiment. To do this, you need to be 
sel up the equipment во that you can collect any gas that's 
produced. The easiest way fo collect the gas is in a test lube, «voy 
5) Here's how to set up the equipment > “lion 


power supply 


_ Make Sure You Can Draw Diagrams of Your Equipment | 


When you're writing out a method for your experiment, it's always a good idea to draw a 

labelled diagram showing how your apparatus will be set up. The easiest way to do this is to use 

а scientific drawing, where each piece of apparatus is drawn as if you're looking at Из cross-section 
For example: 


heat-proof mat 


Baler test tube tripod 


Iset up my equipment — they had a blind date at the cinema... 
Being a dab hand at setting up experiments won't just make your investigations more reliable. You might also be 
asked to comment on how an experiment's been set up in the exam. So best get learning. You'll thank me for it. 
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Heating Substances 
Heating a reaction isn't as simple a wrapping it up in a lumpy wool jumper and a stripy scarf. 
There's more than one way to do it, and you need to be able to decide on the best, and the safest, method. 


| Bunsen Burners Have a Naked Flame | 


Bunsen burners are good for heating thinge quickly. You oan easily adjust how strongly 
they're heating, But you need to be careful not to use them if you're heating flammable 
the substance would be at risk of catching fire. 


* Conneot the Bunsen burner to a gas tap, and chook that the 
hole is closed. Place it on a 


p 


* Light a splint and hold it over ЖУРТЫ CES Нери 
the gas. The Bunsen burner should light with a yellow flamo. m Hol died 
* Тһе more open the hole is, the more strongly the Bunsen burner PS 
will heat your substance. Open the hole to the amount you want. ч 


As you open the hole more, the flame should turn more blue. 
* Tho hottest part of the flame ів just above the bluo cona, 
so you should heat things hore. 
* M your Bunsen burner is alight but not hes anything, make gure 
you close the hole so that the flame becomes yellow and clearly visible. 
* If you're heating something во that the container (e.g. a test tube) 
is in the flame, you should hold the vessel at the top, furthest away 
from the substance (and so the flame) using а pair of tongs. 
* M you're heating something over the flame (e.g. an evaporating dish), you should 
put a tripod and gauze over the Bunsen burner before you light it, and place the vessel on this. 


Hottest part, 


You'd use a Bunsen burner to carry out flame tosts to identify metal ions in а compound (see page 89). 
A sample of the compound is placed on a metal wire that you hold just above the cone of a Bunsen burner 
with a blue flame. The flame should then change colour depending on what metal ion is in the sample. 


The Temperature of Water Baths & Electric Heaters Can Be Set 


1) А water bath is a container filled with water that can be heated to a specific temperature. 


* 801 the temperature on the water bath, and allow the water to heat up. ipod Md) radion vene 
* Place the vessel containing your substance in the water bath d 

using a pair of tonge. The level of the water outside the vessel 

should be just above the level of the substance inside М5 

‘the vessel. The substance will then be warmed to СО 

the same temperature ac the water. 


As the substance in the vessel is surrounded by water, the heating is very even. 

Water boils at 100 °C though, so you can't use a water bath to heat something 

to a higher temperature than this — the water won't get hot enough. Peretti 
2) Electric heaters are offen made up of a metal plate that can be heated to a certain temperature. 

The vessel containing the substance you want to heat is placed on top of the hot plate. You can heat 

substances to higher temperatures than you can it 

below, you'll usually have to stir the substance inside to mal 


A bath and an electric heater — how I spend my January nights... 


You know, 1 used to have a chemistry teacher who'd play power ballads when the Bunsen burners were alight and 
sway at the front of the class like he was at a gig. You think I made that up, but it's true. 
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p.12— Atoms 
91 prolons = atomic number =7 [1 mark) 
lecrons* protons = 7 [1 mark 
marora s mass numb = store number 
ЖЕТУ 
р13—Еетеме 
91 Eg sho number ol protons e ап atom that 
determines what pa aom в. ко a th 
ота heve he sare number of protons еп 
те substance а эл element [1 mark]. 
protons = 20 [1 man] 
rons = 6 - 26 = 30 [1 mack) 
p.14 — Compounds. 
ат (2 May (1 = С)» (3 O) = 6 [1 mark] 
оз cocum оле [1 mark) 
Calcium ana chide [1 mani]. 
p.18— Chemical Equations 
QU re 30-28001 тайр 
оз э) wales hydrogen  orygen [1 mari] 
эон, O, 
[I mark for correct products and reactants, 
^ mark for being balanced correctly] 
p.16—Mixturon and Chromatography 
QV The pen ik might civ oth solvent wn 
re up e fier paper [T mark] 
p.17 — Moro Separation Techniques 
О! Pour the copper slo solution into an 
‘evaporating dah and мому heal he sonion 
‘wl ryt кий Vo Tom я мото oF e 
Saver has удала [1 mark]. Leave the 
ih to сой ue суми om [T mark]. Fior 
TE mari] ed тел ary he eral uum ө 
зоман oven [T mark 


QW һала (1 mari. Ethanol has he second 
lowest boli pont and wi bê collected once 
X e rahar has ben аноде ой and Iw 
тосле neresse [T mark 

p.19 — The History of the Atom. 

91 nie phum pudding model e atom i 9 
bal cf poste charge wih electrons spread 
"rough [1 mark] 

92 ihe pham puding model wes core you 
‘would expect most а но арла paricies 1o 
ave passed tough the oor оту о have 
bren defected sigray [1 mark) The acu 
Sotectons ofthe pares suggests that arome 
conan a small nucleus where to postve 
оле п concenratd [1 mar] 

p.20 — Electronic Structure. 


[Er 


al — Development of he Periodic Tatie 
By relative atomic mass [1 mark 

G2 Ea ho tat gapa i oria b hop mers sh 
sani proper m the same group [T mark]. 
Ha setched the order o elements based on 
"her properties, even Des atomic masses 
‘were no longer in order. [1 mark] 


p.22 — The Modern Periodic Table 

QU 2 mai] 

о: Boh chiorine and bromine are in Group 7 and 
зо have te same number of elections thi 
Guter she [T mark. 

аз Ез ренот fore 1- ione ae ein me same 
Group as odium so wi reat a ыт way 
ШЕ 


р.23 — Motals and Non-Motals 

91. Any thros from: e.g, metas lend to be sirang / 
2004 conductors of est god at conducting 
тенеу мше oh meli toli 
temperatures [1 mark foreach] 

p.24 — Group 1 Elements 

QU. As you go herher down the group he ovr 
звест is ег пиву поп те rucious 
TY mar]. Tris means ne atiracton between 
‘he тойт and ht etecton decreases з ан 
‘more вану removed resulting i an cede i 
acy [f mark] 


p.28 — Group 7 Elements 


91. Dromino wo битсе din in pomum. 
Joe [1 mark because bromine ts more 


ал маин eect qnos 
{tear wnt [T Ак you go rer dne 
m 


p.26 — Group 0 Elements 

"91. Xenon has a gher basing poini man noon 
[Ema] 

Qr Aw 
‘econ tle ans дов ot ready lose or 
pen отот [1 mark] 

p.28 — Formation of fons 

91. Noble Qus lectione vitu Dove н sh 
outer electrons [1 mark] whieh a very. 
tatis icum [1 mant] 


н Ml oviar shol [ marh] vo 


ога 1- [f mark] 
ГЕТЕ 
e) 1e rmn] 


— lonic Bonding 

Each sodium молт loses an elecuon ta torm 
an Nar lon [T mark] Ench chlorine aom gains 
эл өшеп vo form a CF on [Y mark] The 
"apposta charged ona ae race lo pac 
‘her by electrostatic atracon [1 mark] 


"QO 


configurations (with or without inner shells, 
T mark for correct charges} 
p.30 — Ionic Compounds 
21.9) иы nave a high meting point [T mark] 
because nito energy s needed to oak ha 
strong atracion between the onse song 
Tone Bonds [1 mart 
Ьу When melted. tha ions are fr to move, so they 
can cany on ecc curent [Y mark] 
€) The compound contains caesium and corde 
lors. Gaesurn а in Group 1 so forms 19 ons 
[Ti mark] aed conce ia in Group 7 so бете 
1 one [1 mark. The cargos balance wit 
оле of oat ion, so the empirical Юта s CsCl 
Di mark 


p31— Covalent Bonding 


{11 mark for 9 shared pairs of electrons, 
1 marn or correct number of electron in 
terse of each aom (th or tout 
inner atn on regen 

p.32 — Simple Molecular Substances 

QU Tro riermdecuar forces between mocuos 
MO, be woos rd doni need much атауЫ 
rok [1 mark] 

ад N, molecules arent charged ar aren any 
fie lecto or ora [T mari. 

p.33 — Polymers and Giant Covalent 
Structures 

Qi (CA C0 fH mary 

д To met danond you have to beak Pe covalent 
tend betusen моти wach zr ey teg 
Тоти es plene) you oy ve 
орм ho weaker Рита orca whch 
бин өө orar [Y mom] Bo deron hos a 
Ner mela ort [T me] 

p.34 — Айоторев of Carbon 

Qt Any Bre tom eg bers sais 
deter rv erre rove [Y mar for 
tech up o mars) 

p.38 — Metalic Bonding 

1 Gonper ia a good eiecti condi [mai] 
A orar donna васта wc are 
Ao o coy an ect curet I mh] 

Qd Pure copper odd be to oA! vae tor a door 
inge. bu alors e harder n pure mot so 
n sitat [Y ma] 

p.30 — States of Manor 

©! Me gaseous ише (f mark 

31 — Changing State 

ta) sot 1 mar 

"and [Y me] 
e) id [fma] 
don 11 marag 

p.38 — Nanoparticles 
tween nm and 100 m [1 mar 


"5000 mv - 125 000 ne 
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p.41 —Relative Formula Mass 
QU) A ән»! эмд of 
Мано атар man] 
b)ASU TA lO = 16 and A otH=1 
So M of LON = 7 1664 = 24 [T mark] 
ЧАН даз Rand A f= 
AHS0,=(2= 1) 32 (4 = 16) 
Ii mark) 
оз Askam AMO and A ott 
Микон = S6 O e t= 56 [Y mark] 


demi many 


p.42 —The Mole 
DTE 
‘mantel of males = rana М, 


p.43 — Conservation of Mass 
ап otai mans on e f hand sile 
хато" 22 MINION) 
мано, see 32+ (4 « 16) 98 
2и амонат (2a e ута 
So ctu mom on V and aoe = 18 + 80 
Тл 2 maras or ТА Y mik for either 98 


= MNO) э MD) 
КЕИ КЫ М 
PEPPER ма елу, E 
ме 30 17 mars for IPA, T mark for 
tiber 141 or] 

Tren Mon th lf hand иде le equal 1o 
e etl M on те ht мде so as ta 
‘omer [E mary 

p.44 — Tho Mole and Equations 

ota) N; B = 30 moi II me 
wy f «o ҮҮ 
Hk, 198 = 6.0 ҮҮ 

M vede by төн патын o meten (3 0) 


ме He Peed m $B 20 


ГЕ 
Tre balanced зуны аы 
кун тө) 


— Limiting Reactants 
MO) * 119. MCN * 74.5 [Y mar] 

No oi moles c iy = 238 «110 0200 mol 
nr 

From Me reaction equation. 2 moles cf KBr 
react to orm 2 moles ef KCL, Go 0 200 molos of 
Xi reacts Yo кутт 0200 molos of KCI [T mark] 
Mave cl T6 52 0200 7 M 9 9 [1 mark) 


Pea = 10 om Л 

p41 — Concentration Calculations 

91 Moles of KOHE 0:150 = (225 + 1000) 
20003372 [1 mark] 
From me reaction equation 1 mole of KOH 
reacts wih T mole of HNO, зо 0003375 mol 
KOH react WIN 0001375 mal of HNO, 
төө] 
‘Concentration of HNO- 
(0.03375) - (25.0 1000) = 0.195 moliam? 
төө] 

p48 — Atom Economy 

он a) Rescton B. because k on has one product 
Ihe жоп economy is 100% [1 mark] 
ө) таш mass of at rescore: 
MONACI) = таз  * 1) 385 = 5355 [1 mark) 
МСБ = 40 = Ye 56/4 mark) 
(25595) + = 50) = 210 [1 mark) 
Tta mass of dered product 
=E MN = 341 mark) 
Мо economy» = 100 = 16% [1 mark] 


p49— Percentage Yield 
КИТ 


p.51 — Acids and Bases 

QU redlocange (f mark] 

аг alkaline [1 mark) 

p.52 — Titrations 

QV The сант it have Jos changed cour 
[t ma]. 

2 Eg to crease te accuracy ot your rest 
Те mark] and lo spot any anomalous results 
1t mark] 

Bt — tng Accus Weak дады 
‘Anyone ol, 09, ste acid / le aks? 
туйак ич! mark 

Qi Сшҗетрнез-ве-%ъ 
Change in concentration of H= 10 = 10" 
= 1000 
Šo, the conconteaton o i 1000 ines grater 
мн = tan at ph 0 [f mark 

p.54 — Reactions of Acids 

0 caloum carbonate «hydinehene ald -» 
acum conde «carbon does + water 
[i mark for calcium chloride, 1 mark for 
Carbon dioxide ond water) 

p.56 — The Reactivity Series 

жш 
TT тк for correct еөсїўм» aid products, 
‘mark fr balancing, Y mark for state 
symbols} 


p.56 — Separating Metal Prom Metal 


rs reat thn ttn, s clea on 
ani educa by carbon [ mark) 
p.51 — Redox Reactions 
отө) Zn, ee, Ze Fo [f mark) 
jn, t бөгү өнбөй ! mark Fo. 
deed [T mort) 
p.58 — Electrolysis 
то) dine oat, [f mori] 
b) sodium toma [f mark) 
p.59 — Electrolysis of Aqueous Solutions 
QU мо 201 -+ Ci, + 20 [I mark) 
тод Cu 267-9 CUT mark) 
5.61 — Exothermic and Endothermic 
Reactions 
Qi therm mark) 
р.52— More Exothermic and Endothermic 


tem 


Overall anergy change. 
= 2240 кута = 2346 куто = 07 куто 
[t mari] 

p.54 — Colls and Batteries 

QU Metal 2, Meta 3, Muta 1 [T mark]. Zine is tess 
reactive han à 3 metals s0 the most reactve 
‘eta wl make ha сөй win ta greatest 
“дадо nce tare wi te te Боден dorone 
in reacity [1 mark) Sa the eder of поверие 
Simply he дег of the size of wage 
ШУЛ 

p.85 — Fuel Colla 

QUO erede 240 [1 mark for correct 
‘reactants and products, 1 mark for 
balancing] 

p.01 — Rates of Reaction. 

Q The sctvaton попу for a encton the 
menu өто ol nary that pricey rd 
1o react [T mark] 

p.08 — Factors Alfecting Ratos of Reaction 

[f mark because he powder han a ghe 


Y») B [T mark because he 4 mom KOH 
‘stun I move concra 1an e 
von schon [1 mark] 


— Measuring Rates of Roaction 

оа) Ада Na CO, to а fanh containing MCI [1 mark] 
iv tak rears ol iha mass oe Rand ok 
тучи erv [Y mark ung б mans balance 
Tf mar] FASO Nn CO, là а Nae contain 
MOI mark and iano regular readings of 
{he voluma o gas ease (¥ mara] uur а 
из syringe [f mark]. Maximum of 3 marks 
availabe 

bJ Eg ems [f mar) 

p.10 — Two Rates Experimenta 

QU Ер volume of HCI added [1 mark] mass of 
magnosom used (1 mark). 

p.71 — Finding Reaction Rates from Graphs 

а 


Volume of CO, (ст) 


o. 

о 16 29 30 40 50 60 
1! mark for солесйу marking on all 6 points, 
mark for choosing a sensible seale for the 
ares, 1 mark for drawing a line of best t] 


O5 15 Jo 30 40 5060 
Time b) 
ут40-27-13 
A238 - 6e 32, 
тше y^ e 13 322 04 cls 


Tor a rate botween 0.) emis and 03 emis} 
p.72 — Reversible Reactions 
91 Ayten pat equtbrium when both e forward 
fad reverse rose wro паром ai o 
Some rate [Y mark) 
p.13 — le Chatolier's Principle 
ота) More NO, produced [f mar) 
b) Ho ec [T mk]. 
€) More CO, produced [1 mark 
p.78 — Hydrocarbons 
QV) C,H, se төө мааа han Сун, [1 man] 
э) C, Ho has a gre boling paint han Сун, 
тө) 


«9 C, „а өнө fommublo than Сун, [1 mark) 

аз CM, = 50, ~ 300, = AMO тий for correct 
‘reactants and products, 1 mark for correcly 
alancing] 


p.16 — Fractional Distillation 

91 индека hat ho hydrocarbons in pet 
have е bo pol hone n denn 
ттт 

аа уһ и iho bottom and cooler ol he top 
төө) 


p.71 — Uses and Cracking of Crude Oil 


ра 

Qi Сон» 20, -+ 200, «2H O [1 mark for 
‘correct products and reactants, 1 mark for 
correctly balancing] 


— Alcohols 


p.82 — Carboxylic Acids 

ол a} You юа see bubbles of gas form [1 mark] as 
carbon donde s produced [1 mark 
ч) sodium carbonate + melhanoic acid — sodium 
‘methanoate + мөт «carbon diode [Y mark] 

р.83 — Condensation Polymers 

91 Eg water f1 mark) 

QU one ft mark) 

P84 — Naturally Occurring Polymers 

91 polypeptides [Y mark] 

Qi Eo protenspciypoptiges [1 mark, stre 
cello (f mark}, ONA [1 mark 


p.88 — Purity and Formulations 
tang of temporam 


м Any ranga of inj vius өйне тө range 
ШЕ C1 mah] 

p81 — Paper Chromatography 

©! рок papar столова, Fe тоом 
each hama ne tango moe between 
пема pave nd o түе os 
{i mun To nobi pano moves ug 
any bine over course ihe 
‘perma ма wy e dae i 
VS more sft mari. To drca 
Шуа move hog e патњу phase 
Sera Iw V) pend dcl Ve 
ina phase compares 1o on We eatery 
Saw mark). Since fun compound 
‘rl roy wn o odo phase 
{raha nary pose Њу move deren 
e Vou aora paa, dea 
be separated from each othw [1 mark]. 


1.88 — Tonts for Ganon and Anions 
ООЛ 
p.39 — Тена for Cations 
91 The melal lone bum weh a омиле colour 
ти) 
аза A" p man] 
B) AP «эон (OH), [f mark) 


p.90 — Flame Emission Spectroscopy 

Q1 Fiame tins upecrorcopy can be uned 10 
yt meal опе n mures [ mark, 
"When fara fst can оту be ved or 
Substances Wat contan а single motal lon 
Л 


— Tho Evolution of the Atmosphere 
Sedmenary rocks are оти when organic 
‘mater suc» as plant depots or Pe shola and 
‘etre dead of mare anis fal o a 
Seabed f1 mark]. These become buried and 
omgressed by vede over cns o ear 
forming acts [1 mark] 
р92 — Greenhouse Gases and Climate. 
Change 
1 Any tow from, oq polar io caps moling soa 
level neng 7 costal влогот {chang rato 
aer some regions may have too noch 
‘Foo Ше water ay be da 1o produce 


up o és poni [T mark]. Tey can ано impose 
tanes ол companies according tothe amount of 
geenouse gates trat теу eo encourage 
ето ол down on emissions [1 mark 

p.94 — Air Pollution. 

91 Eg. particulates (s000 [1 mark] опот ues 
1 mark] n can monoxide [Y mark]. 
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р.96— Ceramics, Composites and Polymers. 

91 Eg. thermosetting polymers dont soten when 
heated whereas Parmoscheneg polymers до 
If mark] 

р97 — Properties of Materials 

QU (Me 24) «100 5823 «525 [T mark] 

p38— Corrosion 

91 The pure von rad wil tust f1 mark). Eo. he 
Dahdossed nas wont пий due lo бе ec forming 
recive layer [1 mari] 

290 Pte and Renewable Resources 
Afri resource, such ase cde oi, wat 
take a long ime replenish [1 mari]. On he 
"ir hand a renewable soren such s ® 
limber сап be replaced win а relative short 
me scia [Y mark) 


p.100 — Rouse and Recycling 

91 Eg saves energy needed to estrac metis trom 
he ear conserves ied supple» of теш» 
trom te sac cars down an We amour of. 
vate gong to lanai [Y ҮЛ 

.101 — Life Cycle Assessments 

91 Choco! materai manufac and 
Packaging / using te product Л 
1t mark tor oaen] 

p.102 — Potable Water. 

91 Eg. Mer tho watar ra, using a wre mesh 
loomed ty and and rave beds [T mark] 
Thor serie ho fd wor vg chon / 
‘none [UV ration [T mark] 

p.103 — Wasto Water Treatment 

91 Screening 1 mark sedimentation [1 mark. 
Anton (oroe  anaoroosc 1 mar) 

p.104 — The Haber Procons 

91 Alenperatur o 450 "C la uted because tnis 
In igh enough to ensure ө tant rato of reacton 
я боевые to уем ot armas by 
Vo mach [1 marê] posure of 200 tn 
Used endef masse Ре rate and We yid 
f ie roncon her pressure wout be oo 
ipenaive [Y mark]. An on сум а caa i» 
berto spaad up te ni cf reaction [1 mar] 

3.108 — NPK Fortitisern 

QU. по йвз thori 7 potassium mph 
[f mark] 
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